
LOAN DOCUMENT
PHOTOGRAPH THIS SHEET

OTIC FILE COPY
LEVEL INVENTORY

N ¢q ffA//1Ths dkaMD 77yi Aq** $d M'- A-

N _ _ _ _ _ _ _ _ , .N
I~ DOCUMENT IDENTIFICATION

DISTRIBUTION STATEMENT L

UNANNOUNCED r'ICBy Diluo U~~e

DISTRIBUTION/

AVAILABILITY CODES

DISM"T70~mN AvAJLAsLnTy AN/o SPECIALH

DATE ACCESSIONED

ix A
DISTRIBUTION STAMP 4.

R
E

DATE RETURNED

qo 1fn 9 O(;5

DATE RECEIVED IN DTIC REGISTERED OR CERTIFIED NUMBER

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC.FDAC

DTIC 70A oocumma Pnch8sINO sKiiT PRM WHMAAm

LOAN DOCUMENT



AD- A227 652

Installation Restoration Program
Phase II- Confirmation/Quantification

Stage I

Final Report
For

Otis Air National Guard Base, Massachusetts
Air National Guard Support Center
Andrews Air Force Base, Maryland

Prepared For

United States Air Force
Occupational and Environmental Health Laboratory

(USAF OEHL)
Brooks Air Force Base, Texas

78235-5501

October 1985

DESIGNERS CONSULTANTS

Volume 11 - Appendi-es



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



APPENDIX A

ACRONYMS, DEFINITIONS, NOMENCLATURE,

UNITS OF MEASUREMENT



APPENDIX A

ACRONYMS, DEFINITIONS, NOMENCLATURE,
UNITS OF MEASUREMENT

ANG Air National Guard

ASTM American Society for Testing and Materials

Anisotropy Condition of having different properties 'in
different directions

alluvium sedimentary materials deposited in an envir-
onment of flowing surface waters

aquifer zone beneath the earth's surface capable of
producing water for a well

Avgas aviation gas (fuel)

BEE Bio-Environmental Engineering

Burnfill Solid wastes that have been burned prior to
covering or filling

CERCLA Comprehensive Environmental Response Compen-
.sation and Liability Act of 1980

cm/s centimeters per second

confined an aquifer condition in which the more perme-
able materials are confined between two less
permeable strata, and in which artesian pres-
sures cause water to rise in wells to levels
above the base of the upper confining stratum

DEQPPM Defense Environmental Quality Program Policy

DoD Department of Defense

feet/day feet per day

FID/GC Flame ionization detection/gas chromatographic
techniques
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groundwater a theoretical dividing line in the water table
divide on each side of which the water table slopes

away, forming a boundary between separate
groundwater basins

GC gas chromatographic analytical instrument or
method

gneiss A coarse-grained, metamorphic rock consisting of
banded, linearly oriented minerals

gpm gallons per minute

gpd gallons per day

HARM Hazard Assessment Rating Methodology

HNu a common brand name for a volatile organic vapor
photoionization detection meter

hydraulic ratio of flow velocity to driving force for
conductivity viscous flow of water under saturated condi-

tions in a porous medium, or volume of water
that can move per unit time through a unit area
of aquifer under a unit hydraulic gradient

hydraulic rate of change in pressure or hydraulic head in
gradient groundwater over a given distance of flow

IRP Installation Restoration Program

JP-4 jet fuel

K common symbol for hydraulic conductiv'ty

ug/g micrograms per gram (equal to mg,/kg, and equiva-
lent to parts per million in sol.ds)

ug/L micrograms per liter (equivalent to parts per
billion in water)

mg/L milligrams per liter (equivalent to parts per
million in water)

mgd million gallons per day

Mogas motor fuel
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moraine accumulation of mixed sediments deposited on

(terminal) the ice mar-Tin of a glacier

MSL mean sea level

N north

OANGB Otis Air National Guard Base

OEHL Occupational and Environmental Health
Laboratory

outwash relatively coarse, well-sorted sediment
deposited by melt water streams beyond the
margin of a glacier

P.G. Registered Professional Geologist

Ph.D. Doctor of Philosophy degree

Podzcls zonal soil having surface layer of mats of
organic material overlying gray leached
horizons and dark brown illuvial horizons

POL petroleum oil and lubricants

potentiometric surface defined by the levels to which
(piezometric) water will rise in wells penetrating a
surface single aquifer, caused by hydrostatic

pressure

ppb parts per billion (equivalent. to ug/L in
water)

ppm parts per million (equivalent to mg/L in
water)

RCRA Resource Conservation and Recovery Act of
1976

SNARL "Suggested No Adverse Response Level"; see
20 August 1981 EPA memo (Appendix J). A
"SNARL" is a suggested guidance criterion.

It is not a federally adopted drinking water
standard nor has it been incorporated as a
performance regualation in other federal
environmental legislation
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semi-confined an aquifer condition in which the confining
strata above the aquifer are not laterally
continuous.

specific the sustained yield of a well divided by the
capacity drawdown in that well after a stabilized pump-

ing condition ia obtained (reported in.
gpm/foot).

square feet/day square feet per day

transmissivity the volume of water that can move through an
aquifer per unit time per unit width of a satu-
rated layer under a unit hydraulic gradient.

unconfined an aquifer condition in which the water table
forms the upper boundary

unconsolidated sedivents that are uncemented and thus include
sediments interconnected void space (primary porosity)

that allows storage and transmission of
significant volumes of groundwater.

USAF United States Air Force

U.S. EPA United States Environmental Protection Agency

USGS United States Geological Survey, Department of
the Interior

Vadose Zone unsaturated zone above the water table; area
that contains soil uater under unsaturated
conditions

VOA volatile organic and aromatic hydrocarbon com-
pounds.

water table the level below :hich earth materials are
saturated with water.
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APPENDIX B

SCrO"''E OF .

TASK ORDER 0028-01



DEP ARTMENT OF THE AIR FORCE
USAF OCCUPATIONAL AND ENVIRONMENTAL HEALTH LASORATORY (APSC)

11,VJE' J'OOKS AIR FORCE SASE. TEXAS 73235

.)\ 1984a - P%. . T 8 JUL 14

A..O ,TS R Y F. .+r,, INC.

suwcc? F33615-9-06-CQ , Order 28, Proposed Modification 1 (IRP Stage 1, Otis ANGB)

Roy F Weston

Attn: Pete Marks
Weston Way
West Chester PA 19380

1. The Goverment is contemplating assignment of the delivery order described
in Atch 1 hereto under the subject contract, Pertinent details are included
in Atch 1 and herein. Request Contractor complete paragraph 2 below within
the limits set forth by Paragraph 3 below:

2. Order Prices and Other Elements:

a. Item 0001 - Hours of Effort and Prices: $

No. Hours Catexory M= Price Toa Z

b. Item 0002 - Support: $

Based on the following estimates:

Sampling Bottles:
Shipping:
Travel/Per Diem:
Supplies:
Indirect Costs:
Subcontract:

c. Item 0003 (Software): N/A

3. Desired Start Date: 84 SEP 10
Estimated Completion Date: 85 DEC 30



A. Performance of this order shall not proceed until the Contractor receives

a formal delivery order or verbal instructions from the Contracting Officer.

5. If the -Contractor concurs with the order conditions specified, be shall so
1ndicste by signing and forwarding two copies of this letter to USAF OEHL/TS,
Brooks AFB TX 78235. If he does not agree with any of the conditions, be

shall call USAF OEHL/TS to discuss proposed changes.

EMILE BALADI 1 Atch

Chief, Technical Services Division Task Description

cc: ASD/PMRSC

APPROVED

ICHISOPER D. MILLER
Contracting Officer

The Contractor hereby concurs in the Order conditions set forth above and will

perform accordingly.

Signal ure:

Title:

Date:

B2
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INSTALLATION RESTORATION PROGRAM
Phase II Field Evalluation

Otis J NGB MA*

T. The purpose of this task is to determine if snvronmental contamination
has resulted from waste disposal practices at Otis ANGB MA; to provide esti-
mates of the magnitude and extent of contamination, should contamination be
found; to identify potential environmental consequences of migrating pollu-
tants; to identify any additional investigations and their attendant costs
necessary to identify the magnitude, extent and direction of movement of
discovered contaminants.

The presurvey report (mailed under separate cover) and Phase I IRP report
(mailed under separate cover) incorporated background and description of the
sites for this task. To accomplish the survey effort, the contractor shall
take the following steps:

A. General

1. Determine the areal extent of each site and zone by reviewing
available aerial photos of the base, both historicai and the most recent
panchromatic and infrared.

2. Locations where surface water samples are collected shall be
marked with a permanent marker, and the location recorded on a site/zone map.

3. A total of eleven monitoring wells shall be installed. The exact
location of wells shall be determined in the field.

4. Ground-water monitoring wells shall comply with U.S. EPA publi-
cation 330/9-81-002, I Mianual =r Groundwater/Subsurface ine

SJL& U1, and State of Massachusetts requirements for monitoring
well installation. Only screw type joints shall be used. Glue fittirgs are
not permitted.

5. The contractor shall not perform gravel packing of wells. Upon
withdrawal of augers, formation sand shall be allowed to collapse around the
screened zone. Any additional packing of the screened zone shall be done
using suitable native material.

6. Wells shall be of sufficient depth to collect samples representa-
tive of aquifer quality and to intercept contaminants if they are present.
Wells installed during this effort shall be constructed with 50 feet of well
screen below the water table unless otherwise noted. All wells shall be
developed, water levels measured,' -nd locations surveyed and recorded on a
site map.

7. All water samples shall be analyzed on site by thE contractor for
pH, temperature, and specific conductance. Sampling, maximum holding time,

*Highlights of modification underscored
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and preservation of samples shall comply strictly with the following refer-
ence3: Standard Hoths J=or =e oiAin.QM = g Water And Wastewater, 15th Ed.
(1980), pp 35-42; STH, Section 11, and Mt oL Chemcal jAlk B go
Waters An Wastes EPA Manual 600/4-79-020, pp. xiii to xix (1979). All water
samples shall be analyzed using minimum detection levels, as specified in
Attachment 1.

8. Field data collected for each site/zone shall be plotted and
mapped. The nature of contamination and the magnitude and potential for corr-
taminant flow within each site/zone to receiving streams and ground waters
shall be determined or estimated. Upon completion of the sampling and analy-
sis, the data shall be tabulated in the next R&D Status Report, as specified
in Item VI below.

B. In addition to items delineated in A above, the contractor shall
conduct the following specific actions at sites identified on Otis ANGB MA.

1. Site 1. Base Landfill

a. Define boundaries of the landfill using a backhoe.

b. Install four perimeter monitoring wells downgradient of this
site (wells 1. 2A. 1A. 4).

c. Perform split-spoon sampling during well drilling.

d. Collect one ground-water sample from each well.

a. Analyze each ground-water sample for Total Organic Carbon
(TOC), Total Organic Halogens (TOX), Oil & Grease-infrared method (O&G/IR),
cyanide, phenol, PCB, iron, copper, cadmium, chromium, lead, arsenic, nickel,
and the Safe Drinking Water Act pesticides listed in Attachment 1.

f. Collect a second Around-water samnle from each well.

K. Analyze the second round of samples from wells 1. 2A. IA. and
4 for hardness. total dissolved iron, sulfate. chloride. nitrate nitrogen.
Total rieldahI Nitrogen. ammonia nitrogen. TOC. nhenol. volatile ortanics
(VOC). rylene, methyl ethyl ketone (MEK). and methyl isobutvl ketone, and
perform an infrared scan to distinmuish petroleum fractions.

2. Site 2. Current Fire Training Area

a. Perform a test pit investigation using a backhoe. Trench
surfaces shall be screened for organic vapors using an Organic Vapor Analyzer
(OVA' and a HNU Photoionizer (HNU). a maximum of ten soil samples shall be
collected from suspect areas in the trenches.

b. Analyse each soil sample for TOI, O&G/IR, and lead.



c. Install two monitoring wells downgradient of this site (wells

d. Perform split-spoon sampling during well drilling.

e. Collect one ground-water sample from each well.

f. Analyze each ground-water sample for TOC, TOX, O&G/IR, PCB,
and lead.

a. Collect a second round of samples from wells 5 and 6.

h. Analyze the second round of saIples for mOC. 2henol. VOC-
xylene. MEK. and methyl isobutyl ketone, and perform an infrared scan to
distinguish petroleum fractions.

3. Zone 1. Former Fire Training Area and NDI Shop

a. Perform a test pit investigation using a backhoe at the
suspect site and adjacent swale. Trench surfaces shall be screened for
organic vapors using an OVA and HNU. A maximum of six soil samples shall be
collected from suspect areas in the trenches.

b. Each soil sample shall be analyzea for TOX, O&G/IR, and lead.

c. Collect one liquid and one sludge sample from the drain sump
at the NDI Shop. The liquid sample shall be analyzed for TOC, TOX, O&G/IR,
and lead. The sludge sample shall be analyzed for TOX, O&G/IR, and lead.

d. Install one monitoring well downgradient of this site

e. Perform split-spoon sampling during well drilling.

f. Collect one ground-water sample frtu the well.

g. The ground-water sample shall be analyzed for TOC, TO!,
O&G/IR, and lead.

h. Collect a second samole from the well.

i. AnalYze the second sample for TOC. phenol. VOC. XXlene. ME!.

and methyl isobutyl ketone. and nerform an infrared scan to distlngulsh
netroleum fractions.

4i. Site q. AMGAS Fuel Test Dumo Ste

a. Perform a test nit investimation using a backhoe. Trench
surfaces shall be screened for oruanic vapors using an OVA and an HU. A
maximum of four soil samles shall be ollectad from suspect areas in the

trenches



b. Analyze each soil psapmle for lead. Dphenol. Iand hydrocarborla

c.. Install oat Monitoringu yell downgradient of this site, The

-Screened zon shall erten, aiu of 20 feet into the Upoermoat sturated
zo-ne- Total well dentLhsll not exceed 75 feet. Vell c~aa nd a reen
IshAll be Made of two-inch PVC.,

d- Collect one itround-water sample from the well.,

e. Analyze the ground-water sample for lead. phenol. (VOC).
and hydrocArbons (GC scan)-

S. Site 4j. Petrol/Fuel Storgae Area

a. Install one monitoring well downradient. h st
nerimeter. The screened zone sha;l extend a maximum of 20 feet into the
upoermost saturated zone. Total well depth shall not exceed 7S feet. Well

caiaand screen shall be made of two-inch PVC.

b. Collect one azround-water samnie from the welt1,

c. Analyze the round-wa ter samle for lead. tobenol. VOC. and

hydrocarbons (GC scan).

6. Site S. Railyard Fuel Pumning Station

a. Perform a test pit investigation using a backhoe. Trenc
surfaces shal be screened for orianie vanors usn nOAadan HJIT. A
maximuAm of fr1 sol AMRles-shall be collected form the suspect areas in the
trenches. Well casing and screen shall be made of two-inch PVC.

b;" Analvze each soi samnle for .lead. phenol. VOC. and
hyrcarbonst (CC scan),

c- Install1 two sonitorina wells downaradient of this site. ,-ni

screened zone shall extend A maximum of 20 feet into the uppermost sAtUrjted
mone. Total depth 2er vell shal ot exceed 75 feet. Wel ea& and seireen

shal b mde of two-inch PVC.

d. Collect one around-water samole from each well.

e. Each around-water sample sall beaalyzed for lead. 2henol.
VOC. OWGh end hydrocarbons (GC scan).

f. Collect onae liouid sanole from the header pipe, and one
lio~idsamiefrom the tranmission pipe.

r. Analyze the two liguid samples for lead- _hydrocarbon2Air.X
scan), and base/neutrals adacids (EPA method i2g)..



C. Well Installation and Clean-Up

All well drill cuttings shall be removed and the general area cleaned
followin the completion of each well. Only those drill cuttinas suspected
of being a hazardous waste (based on discoloration, odor, or organic vapor
detection instrument) shall be properly containerized (according to local
civil engineering office requirements) by the contractor for eventual
-government disposal. The suspected hazardous waste shall be tested (maximum
of five samples) by the contractor for EP Toxicity and Ignitability. The
contractor is not responsible for ultimate disposal of the drill cuttings.
Disposal will be conducted by base personnel.

D. Data Review

Results of sampling and analysis shall be tabulated and incorporated
into the monthly R&D Status Reports, and forwarded to the USAF OEHL for review
as soon as they become available, as specified in Item VI below.

E. Repirting

1. A draft report delineating all findings of this field investiga-
tion shall be prepared and forwarded to the USAF OEHL, as specified in Item VI
below, for Air Force review and comment. This report shall include a discus-
sion of the regional hydrogeology, well logs of all project wells, data from
water level surveys, water quality analysis results, available geohydrologic
cross sections, ground-water surface and gradient vector maps, any available
vertical and horizontal flow vectors, and laboratory quality assurance infor-
mation. The report shall follow the USAF OEHL supplied format (sailed under
seperate cover).

2. Estimates shall be made of the magnitude and direction of move-
ment of contaminants discovered. Potential enviromnental consequences of
discovered contamination shall be identified or estimated. Where survey data
are insufficient to properly determine or estimate the magnitude and direction
of movement of discovered contaminants, fully justified specific recommenda-
tions shall be made for additioial efforts required to properly evaluate
contamination migration.

3. Cost Estimates: The contractor shall provide cost estimates for
all additional work recommended to permit proper determination of contami-
nants. The recommendations provided shall include all efforts required to
determine the magnitude and direction of movement of discovered contaminants
along with an estimate of the time required to accomplish the proposed effort.
This information shall be provided in a separately bound appendix to the draft
final report.

F. Mee tings

The contractor's project managershall attend one meeting with Air
Force headquarters and regulatory agency personnel to take place at a time to
be specified by the USAF OEHL. The meeting shall take place at Otis ANGB foL
a duration of one day (eight hours).
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II. Site Location and Dates

Otis ANGB MA
102 FIW/DEE
Dates to be established

III. Base Support: None

IV. Government Furnished Property: Non,;

V. Government Points of Contact

1. Lt Dulcie Weisman 2. Mr. George Sun dtra-
USAF OEHL/ECQ 102 FIW/DEE
Brooks AFB TX 78235 Otis ANGB MA 02542

(512) 536-3305 (617) 968-*jO
AV 240-3305 AV 557-4730

3. Lt Col Michael Washelesk
ANGSC/SGB
Andrews AFB MD 20331
(301) 981-5926
AV 858-5926

a
VI. In addition to sequence numbers 1 , 5 and 11 which are applicable to all

orders, the reference numbers below -Fe applicable to this order. Also shown
are data applicable to this order.

aSForward a copy of the R&D Status Report to all government POC3 identified
In Section V.

Sequence Nr Block 10 Block 11 Block 12 Block 13 Block 14

4* ONE/R 84 FEB 20 31 JAN 85 15 MAY

#Contractor shall supply the USAF OEHL with 20 copies of the draft report and
50 copies plus the original camera ready copy of the final report.



Level of Detection

Required No. of Samplesa

TOC 1 mg/L 7w

TOX 5 ug/L (waters); 5 ug/g (soil)

O&G/IR 0.1 mg/L (waters); 100 ug/g (soil) 2w

cyanide 10 ug/L

phenol 1 ug/L (waters); 1 ug/g (soil) l1w, 8s

PCB 0.25 ug/L

iron (total dissolved) 100 ug/L 4w

copper 50 ug/L

cadmium 10 ug/L

chromium 50 ug/L

lead 20 ug/L (waters); 2 ug/g (soil) 4w, 8s, 2b

arsenic 10 ug/L

nickel 100 ug/L

endrin 0.02 ug/L

lindane 0.01 ug/L

methoxychlor 0.2 ug/L

toxaphene 1.0 ug/l

2,4-D 0.06 ug/L

2,4,5-TP silvex 0.02 ug/L

xylene 1 uq/L 7w

methyl isbutyl ketone 1 ug/L 7w

methyl ethyl ketone 1 ug/L 7w

sulfate 1 ug/L 4w

chloride 1 ug/L 4w

hardness -- 4w

infrared scan 
7 w



ammonia 4w

hydrocarbon GC scan 4w, Rs, 2b

Total Kieldahl Nitrogen -- 4w

nitrate 0.1 mg/L 4w

VOCw, 4s

base/neutrals and acids ** 2b

NOTES:

a Applies to second round of samples at Sites 1 and 2, and Zone 1, and all

samples at Sites 3, 4, and S.

w = water s = soil b = bulk liquid

Detection levels for volatile aromatics and volatile halocarbons shall be as
specified in EPA Methods 601 and 602.

• Detection levels for base/neutrals and acids shall be as specified in EPA
Method 625.

If drill cuttings are suspected of being hazardous material, five samples shall be
tested for EP Toxicity and Ignitability.
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Peter J. Marks

- I" -

Fields of Competence Key Projects

Project management; environmental analytical USAF/OEHL Brooks AFS. Program Manager for this
laboratory analysis; hazardous waste, groundwater and three-year BOA contract provides technical support in
soil -,ontam ination; source emissions/ambient air environmental engineering surveys, wastewater
sampling; wastewater treatment; biological monitoring characterization programs, geological investigations,
methods; and environmental engineering. hydrogeological studies, landfill leachate monitoring

and landfill siting investigations, bioassay studies.
Experience Summary wastewater and hazardous waste treatability studies,

and laboratory testing and/or field investigations of en-
Eighteen years in Environmental Laboratory and En- vironmental instrumentation/equipment. Collection.
vironmental Engineering as Project Scientist, Project analysis, and reporting of contaminants present in
Engineer, Process Development Supervisor, and water and wastewater samples in support of Air Force
Manager of Environmental Laboratory with WESTON. Environmental Health Programs.
Experience in analytical laboratory, wastewater surveys, United States Army Toxic and Hazardous Materials
hazardous waste, groundwater and soil contamination, Agency (USATHAMA), Aberoeen Proving Ground, Mary-

DoD-specific wastes, stream surveys, process develop- land. Program Manager for three-year basic ordering
merit studies, and source emission and ambient air ladPrgmMngefothe-arbscreigagreement contract to provide research and develop-
testing. In-depth experience in pulp and paper, steel, ment for technology in support of the DOD Installation
organic chemicals, pharmaceutical, glass, petroleum, Restoration Program. The objective of the Program is to
petrochemical, metal plating, food industries and DoD. identify and develop treatment methods/technology for
Applied research on a number of advanced wastewater containment and/or remedial action. Technology
treatment projects funded by Federal EPA. development for remedial action is to include ground-

water, soils, sediments, and sludges.
Credentials Confidential Client, Ohio. Project Manager of an on-going

contract to conduct corporate environmental testing and
B.S., Biology-Franklin and Marshall College (1963) special projects at client's U.S. and overseas plants.

M.S., Environmental Engineering and Science-Drexel WESTON must be able to assign up to four professionals to
University (1965) a project within a two week notice.

American Society for Testing and Materials Confidential Client (Inorganic and Organic Chemicals).
Product Manager of a current contract to conduct

Water Pollution Control Federation wastewater sampling and analysis of plant effluent for

Water Pollution Control Association of Pennsylvania priority pollutants. The project also includes a
wastewater treatability study to evaluate a number of

Employment History process alternatives for removal of priority pollutants
from the present effluent.

1965-Present WESTON Confidential Client, Utah. Technical Project Manager for

1963-1964 Lancaster County General Hospital in-depth wastewater survey, in-plant study, treatability
Research Laboratory for Analytical study, and concept engineering study in support of the
Methods Development client's objectives to meet 1983 effluent limitations.

WESTON had two project engineers, two chemists, five
technicians and an operating laboratory in the field.
Field effort is six months duration.

Professional Profile
C-.



In conjunction with University of Delaware College, Publications
WESTON analyzed more than 500 biological and marine
sediment samples for eleven constituent trace metals "Microbiological Inhibition Testing Procedure,"
as part of a program to identify and trace the migration Biological Methods for the Assessment of Water Qual-
of metals from ocean dumping of sludges on the con- ity, A.S.T.M. Publication STP 528.
tinental shelf off the coast of the State of Delaware, "Heat Treatment of Waste Activated Sludge" (with V.T.
acted as Technical Project Manager. Stack).

Project Manager in charge of a wastewater analysis and "Biological Monitoing in Activated Sludge Treatment
biological treatability project for industrial client for the
identification and degradation of six pesticide- Process," a joint paper with StoverlWoldman.
containing wastewaters.

U.S. EPA Environmental Monitoring and Support
Laboratory. Multi-year contract to provide reference
laboratory analysis on QAIQC samples produced from
the EPA Analytical Laboratory QAJQC program.



Frederick Bopp III, Ph.D., P.G.

Registration Employment History

Registered Prcfessional Geologist in the State of 1979-Present WESTON
Indiana

1977-1979 U.S. Army Corps of Engineers
Fields of Competence Waterways Experiment Station

1976.1977 University of South Florida
Groundwater resources evaluation; hydrogeologic Department of Geology
evaluation of sanitary landfills and other waste disposal
sites; detection and abatement of groundwater pollu- 1970-1976 University of Delaware
tion: digital modeling of groundwater flow and solute Department of Geology
transport; statistical analysis of geological and 1974-1976 Earth Quest Associates
geochemical data; geochemical prospecting; estuarine President and Principal Partner
geology and geochemistry; trace metal and aqueous
geochemistry. 1974 (Summer) WESTON
Experience Summary 1966-1970 United States Navy

Commissioned Officer

Seven years experience in hydrogeology and Key Projects
geochemistry, involving such activities as: assessment
of subsurface water and soil contamination; develop- Project manager on seven task orders for environmental
ment of contamination profiles; evaiuation of remedia- assessment services at United States Air Force
tion actions for groundwater quality restoration; quan- facilities in nine states.
titative chemical analysis of water and soil; ore assay
and ore body evaluation; drilling supervisor; Task manager for a Superfund site evaluation in Ohio.
hydrogeologic assessment; pollution detection and Site manager for drum recovery operations in Penn-
abatement; estuarine pollution analysis; application of sylvania and New Jersey.
flow and solute transport computer models; computer
programming; project management; teaching en- Project manager for site assessments of oil and fuel
vironmental geology and geochemistry. spills in four states.

Project manager for closure plan development at a
Credentials hazardous waste landfill in New Jersey.

B.A., Geology-Brown University (1966) Definition and abatement of groundwater contamina-tion from chemic. manufacturing in Delaware.
M.S., Geology-University of Delaware (1973) to rmcei-mnfcuigi eaae

Flow and solute transport digital model of a heavily-

Ph.D., Geology-University of Delaware (1979) pumped regional aquifer in southern New Jersey.

Sigma Xi, The Scientific Research Society of North Definition and abatement of groundwater contamina-
America tion fromt chemical manufacturing in the Denver area.
Geological Society of America, Hydrology Division Hydrogeologic impact assessment of on-land dredge
National Water Well Association, Technical Division spoil disposal in coastal North Carolina.

American Association for the Advancement of Science Geochemical prospecting and ore body analysis inArizona.
Estuarihe Research Federation: Atlantic Estuarine
Research Society

Professional Profile



Definition and abatement of groundwater contamina-
tion from a hazardous waste site in northern New
England.

Definition and abatement of groundwater contamina-
tion from plating and foundry wastes in eastern Penn-
sylvania.

Operational test and evaluation of new naval mine ord
inances in southern Florida.

Publications

"Metals in Estuarine Sediments: Factor Analysis and !ts
Environmental Significance". Science, 214 (1981):
441.443.

"The Remobilization of Trace Metals from Suspended
Sediments Entering the Delaware Estuary". Presented
at the 27th Annual Meeting, Southeastern Section,
Geological Society of America, Chattanooga, Ten-
nessee, April 1978.

"Trace Metals in Delaware Bay Sediments and Oysters".
Presented at the International Conference on Heavy
Metals in the Environment, Toronto, Canada, October
1975.



N, Richard L. Kraybill

Fields of Competence Credentials

Hydrogeologic and geotechnical investigations of B.A., Geology- Lafayette College (1967)
hazardous waste sites and landfills; evaluations of M.S., Geology-Rutgers University (1977)
potential site use for solid and liquid waste disposal and
secure land burial facilities; hydrogeologic analyses of
remedial alternatives for groundwater contamination Affiliations

problems. Management of hydrogeologic proiects in-
volving groundwater resource evaluation, monitoring, National Water Well Association. recnncai Divsion
development, and protection: analyses of groundwater Water Pollution Control Federation
quality trends as compared to land use. Pennsylvania Water Pollution Control Association,

Experience Summary Eastern Section

Geological Society of America. Hydrogeologic and
Fifteen years of professional experience in the field of Engineering Divisions
groundwater pollution control. Expertise in providing
technical guidance and advice to industry and public Employment History
and governmental agencies on hydrogeologically
related problems of groundwater management, protec- 1981-Present WESTON
tion. arid development. 1979-1981 Wehran Engineering

Prepared hydrogeologic reports assessing groundwater Earth Sciences Group
availability and suitability for supply; conducted in-
vestigations of groundwater pollution incidents and 1967-1979 Commonwealth of Pennsylvania
developed reports with specific recommendations
relating to serious pollution problems and large scale Key Projects
water resource issL es. Senior Protect Hydrogeologist on study involving the
Coordinated and supervised subsurface exploratory containment of PCB migration from five sites known to
work for hidrogeologic investigations relating to land- have received large quantities of materials containing
fills, hazairdous waste sites, groundwater injection PCB's.
systems, and other projects affecting groundwater;
organized and performed studies utilizing advanced Senior Project Hydrogeologist on the closure and cut-
hydrogeologic methods such as ionic tracers, earth off wall certification of a large hazardous waste
resistivity, and remote sensing; utilized mathematical disposal site in a wetlands area in Michigan.
principles of groundwater flow in hydrogeologic in- Projec i Miva.ier for the hydrogeologic study and
vestigations. remediation analysis of a hazardous waste disposal site

Participated in planning, coordination and development in Chester, PA, under contract with the PA Department
of groundwater recovery and treatment projects where of Environmental Resources and the EPA.
groundwater has been polluted. Developed and managed a site feasibility assessment

Provided consultation and expert testimony on and major detailed hydrogeologic-geotechnical in-

hydrogeolbgic aspects of disposal of hazardous and vestigation for the design of a secure landfill in Model
non-hazardous wastes. Managed group of geologists in- City. NY.
volved in hydrogeologic-geotechnical investigations. Managed the investigation, design remediation and

closure of an uncontrolled hazardous waste disposal
site.

Professional Profile



Senior Hydrogeologist and Project Manager for an in- Publications
situ closure of a plating waste impoundment.

Senior Hydrogeologist for investiqation and design of a "Groundwater Quality, Variation, and Trends as Cor-
secure sewage sludge disposal facility involving pared to Land Use in a Critical Carbonate Recharge
groundwater cutoff by slurry trench methods. Area." Presented at the NWWA Exposition-rTechnical

Division Annual Meeting, Boston, Massachusetts, 1977.

Senior Hydrogeologist for five ,.S. Air Force projects "Regulatory-Technical Aspects of Sewage Sludge
developing work scopes for investigating impacts at
suspect hazardous waste disposal sites under the Disposal on the Land Surface." Presented at the Penn-
USAF-IRP program. sylvania Water Pollution Control Association AnnualConvention, 1977.

At one USAF Base, performed a detailed preliminary in-
vestigation of an existing groundwater pollution pro- "Hydrogeologic Considerations and Remedial Alter-
blem with the objective of as.;essing potential impacts natives Assessment at Uncontrolled Hazardous Waste
on a nearly public water supply resource. Disposal Sites." Vanderbilt University-sponsored

Technical Program for Environmental Protection Agency,
Project Manager and Senior Hydrogeologist pertaining Region V, Cincinnati, Ohio, 1981.
to the environmental assessment and disposal of
hazardous wastes at the largest rietal finishing industry "In-situ Remediation and Closure of a Plating Waste In-
in Maine. Portions of project involved evaluation, risk poundment", Toxic and Hazardous Waste. Proceedings
assessment and concept closure, of a hazardous waste of the Fifteenth Mid-Atlantic Industrial Waste Con-

impoundment. EPA sludge deli3ting; and hazardous ference, June 1983.
waste Part B applications.

Project Manager and HydrogFologist for landfill
development, closure and site permitting.



Walter M. Leis, P.G.

Registration Additional special course work in Geology and
Hydrology, Franklin and Marshall College and Penn-

Registered Professional Geologist in the States of sylvania State University
Georgia (No. 440) and Indiana. Remote Sensing Data Processing Training, Goddard

Fields of Competence Space Center (1978)
OWRR Research Fellow, 1973

Detection and aoatement of groundwater contamina- National Water Well Association, Technical Division.
tion; design of artificial recharge wells; deep well
disposal: simulation of groundwater systems: hydro- Geological Society of America. Engineering Geological
geologic evaluation of hazardous waste sites and land- Division.
fills; practical applications of geophysical surveys to Society of Economic Paleontologists and Mineralogists
hydrologic system, a,.- investigations, and borehole
geophysical surve s. Geochemical studies of acid mine Employment History
drainage and hazardous wastes.

Experience Summary 1974-Present WESTON
1973-1974 University of Delaware

Sixteen years experience as-field. hydrogeologist, field Water Resources Center
supervisor, project director, research director. Six years 1971-1973 University of Delaware
research involving two consecutive projects: 1) applica-
tion of geophysical techniques in evaluating ground- 1967-1971 Pennsylvania Department of
water supplies in fractured rock terrain in Delaware and Environmental Resources
Pennsylvania; 2) project director for an artificial
recharge and deep Nell disposal study. Provided con- Key Projects
sultation for waste disposal and aquifer quality pro-
blems for coastal communities. Definition of groundwater contamination from sanitary

landfill leachate and recovery of contaminants to pro-Developed geochemical sampling techniques for deep tc evl sdaufri eaae
mine sampling. Evaluated synthetic and field hydrologic tect heavily used aquifer in Delaware.
data for deep formulational analysis in coal field pro- Field design studies for artificial recharge and waste
jects. disposal wells.
Earlier research experience involved developing tech- Design and construction of hydrologic isolation
niques for mapping subsurface regional structures hav- systems for various class hazardous wastes.
ing interstate hydrologic significance, and defining ore Design and supervision of chemical and physical

I bodies by geochemical prospecting.berrehabilitation of groundwater collection systems in frac-
Credentials tured rock and coastal plain areas.

Principal investigator for six projects involving subsur-
B.S., Biochemistry-Albright College (1966) face migration of PCB's in New York, New Jersey, Penn-

sylvania, and Oklahoma.
M.S., Hydrogeology-University of Delaware (1975)

Design and construction supervision of hydrocarbonCooperative Program Environmental Engineering- recovery wells in Pennsylvania.
University of Pennsylvania

Professional Profile
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Geochemical evaluation of coal mine pools in West Leis, W., R.D. Moose, and W.F. Beers, "Critical Area
Virginia. Maps, a Regional Assessment for Karst Topography".

Association of Engineering Geologists 1978 AnnualGeochemistry of subsurface migration of toxic Meeting.

substances.
Leis, W., and W.F. Beers, "Soil Isotherm Studies toPrincipal investigato or eight projects involving migra- Predict PCB Migration Within Groundwater", (Abstract)

tion of volatile chlorinated hydrocarbons in ground- ASTM 1979 Annual Meeting, Philadelphia, Pennsylvania.
water.
Mireable reserve evaluations for coal, sand and gravel, Thomas, A., and W. Lein, "Physical & Chemical
limestone, cle posits, minevalulamationsfor and Rehabilitation of Contaminant Recovery Wells",
limestone, clay deposits, mine reclamation, and Association of Engineering Geologists 1978 Annual
monitoring. Meeting.

Design geophysical and remote sensing assessments Leis, W., W.F. Beers and F. Benenati, "Migration of
cf hazardous waste disposal areas. PCB's from Landfills and Dredge Disposal Sites in the

Upper Hudson River Valley", New York Academy of
Publications Science Symposium on PCB's in the Hudson River.

Leis W., and R.R. Jordan, 1974, "Geologic Control of Leis, W., "Subsurface Reclamation by Counter Pumping
GroL ndwater Movement in a Portion of the Delaware Systems: Geologic and Geotechnical Aspects of Land
Piedmont", OWRR-DEL 20. Reclamation", ASCEIAEG 1979 Symposium.

Leis, W., 1976, "Artificial Recharge for Coastal Sussex Leis, W., and A. Metry, "Field Characterization of
County, Delaware", University of Delaware Press, Water Leachate Quality", Water Pollution Control Federation
Resources Center. 1979 Annual Meeting.

Leis, W., D.R. Clark, and A. Thomas, 1976, "Control Pro- Leis, W., and A. Metry, "Multimedia Pathways of Con-
gram fcr Leachate Affecting a Multiple Aquifer System, taminant Migration", Water Pollution Control Federa-
Army Craek Landfill, New Castle County, Delaware", Na- tion 1980 Annual Meeting.
tional Conference on Management and Disposal of Leis, W., and K. Sheedy, "Geophysical Location of Aban-
Residue on Land. doned Waste Disposal Sites", 1980 National Con-

Leis, W., W.F.- Beers, J.M. Davidson, and G.D. Knowles. ference on Management of Uncontrolled Hazardous
1978, "Migration of PCB's by Groundwater Transport- Waste Sites.
A Case Study of Twelve Landfills & Dredge Disposal Sheedy, K., and W. Leis, 1982. "Hydrogeological Assess-
Sites on the Upper Hudson Valley, New York", Pro- ment in Karst Environments (chapter)."
ceedings of the 1st Annual Conference of Applied
Research & Practice on Municipal and Industrial Waste.



James S. Smith, Ph.D.

Fields of Competence American Chemical Society

Analytical laboratory management; organic chemistry; American Society for Testing Materials

mass spectrometry, GCIMS/DS, high and low resolution, American Society of Mass Spectroscopists
chemical ionization and special techniques; gas
chromatography including capillary column techniques; Employment History
high oerformance liquid chromatography (HPLC); the
uses of NMR, IR, UV, visible, inorganic analyses, elec- 1981-Present WESTON
trochemical. thermal techniques and surface meth- 1969-1981 Allied Chemical Corporation
odologies (SEM, ESCA, SIMS) to solve industrial pro-
blems; the development of quality control measures in Corporate Research Center

analytical protocols; the testing of laboratory safety 1966-1968 Eastern Michigan University
methodologies; innovation of new analytical techniques Assistant Professor of Chemistry
and methods to solve industrial, product liability, pro- 1965-1966 University of Illinois
duction and environmental problems.

Experience Summary Key Projects

Eleven years experience in the supervision of an Directed analytical group for five years of intensive
sampling and analysis of a toxic insecticide. Analysesanalytical group involved in solving all types of in- involved soil, air, water, sludge, blood, bile, feces, urine,

dustrial problems including environmental, product
safety, production, research and development. The main animal feed, and plant samples to detect the compound
emphasis was on the innovative development of ana- at the low parts-per-billion level. The proje1t involved
lytical methods utilizing instrumental technologies. In- rapid development of new and accurate analyticl
depth experience in the organic chemicals, inorganic methods.
chemicals polymer, fiber, tire, solvent, fluorine Developed an industrumental analytical laboratory con-
chemicals, coke and coal tar industries. Numerous sisting of trace environmental analyses, gas chro-
scientific presentations. Contributor to three Chemical matography, high performance liquid chromatography,
Manufacturers Association Task Groups: Environmental mass spectrometry, surface analyses, X-ray photoelec-
Monitoring, Groundwater, and Hazardous Waste Re- tron spectroscopy and nuclear magnetic resonance
sponse Center. spectroscopy including the design and manufacture of
Taught general chemistry, analytical chemistry, organic instrument modifications, purchasing instruments, and

hiring of key personnel.
chemistry, and instrumental analysis for four years at
Eastern Michigan University and the University of II- Isolated, identified, and developed a method of analysis
linois. for a colored impurity on a bulk chemical product. Syn-

thesized the colorant for proof of identification and as a
Credentials standard for future analysis. Proved the mechanism of

the development of the color from the packaging
B.A., Chemistry-Williams College (1960) materials. Designed new specifications eliminating the
Ph.D., Organic Chemistry-Iowa State University (1964) problem.

Conducted corporate plant environmental laboratoryPostdoctoral Organic Chemistry-University of Illinois QA/QC audits including the development of a corporate
(1986) QA1QC manual.
Postdoctoral Mass Spectroscopy-Cornell University
(1969)

Professional Proffile
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Provided an inexpensive and accurate method of Burkitt, D. and J. Smith, "A Simple Chromatographic
anaysis of lead for a manufacturing plant effluent. A Modification Providing for Rapid Interchange of
published methodology in kit form was modified for Capillary and Packed Columns", Middle Atlantic
plant personnel use to measure soluble and total lead in Regional A.C.S. Meeting, West Long Branch, New
a waste stream without use of excessive manpower or Jersey, 19-23 March 1979.
capital. QA/QC procedures were included as well as the Brozowski, E., D. Jerolamon, D. Richton, D. Smith, and J.
use of performance samples. Smith, "A Convenient Method for the Evaporation of

Supervision of analytical technological advances that Solvent in the Priority Pollutant Program," Middle Atlan-
lead to either patents and new products in the fields of tic Regional A.C.S. Meeting, West Long Branch, New
coal tar chemicals, food packaging and transformer Jersey, 19-23 March 1979.
manufacturing. Mady, N., D. Smith, J. Smith, and C. Wezwick, "The

Analysis of Kepone in Biological Samples", Pro-
Publications ceedings of the 9th Materials Research Symposium,

Smith, J., A. Weston, and C. Wezwick, "Tire Cord Emis- Gaithersburg, Maryland, 10-12 April 1978.

sion Studies, Conclusion", The International Society of Mueller, B., L. Palmer, and J. Smith, "A High Perform-
Industrial Yarn Manufacturers, Savannah, Georgia, 3-4 ance Liquid Chromatographic Method for the Analysis
November 1977. of Bis-phenol-A and Its Impurities", Middle AtlanticRegional A.C.S. Meeting, West Long Branch, New
Hanrahan, J., E. McCarthy, D. Richton, J. Smith, and A. Jersey, 19-23 March 1979.

Weston, "Identification of an Interfering Compound is

the Determination of Dimethylnitrosamine by Gas Gabriel, M., J. Hanrahan, and J. Smith, "A Sensitive
Chromatography-Mass Spectrometry", 26th Annual Method for the Quantitative Analysis of Pyridine at the
Conference on Mass Spectrometry and Allied Topics, Low PPM Level", Middle Atlantic Regional A.C.S.
St. Louis, Missouri, 28 May to 2 June 1978. Meeting, West Long Branch, New Jersey, 19-23 March

Brozowski, E., D. Jerolamon, D. Richton, D. Smith, J. 1979.

Smith, and A. Weston, "Industrial Applications of Burkitt, D., J. Hanrahan, and J. Smith, "Analysis of Hex-
Chemical Ionization with the Ammonium Ion", 26th An- achloroacetone and Hexafluoroacetone in Industrial
nual Conference on Mass Spectrometry and Allied Wastewater", Proceedings of the A.S.T.M. Committee
Topics, St. Louis, Missouri, 28 May to 2 June 1978. 0-19 Symposium, "The Measurement of Organic Pol-

Mueller, B.W., L. Palmer, G. Rebyak, and J. Smith, lutants in Water and Wastewater", Denver. Colorado,MuelerB.W, L PalerG. ebyk, ad J Smth, 19-20 June 1978.
"Analysis of Alpha and Beta Naphthalene Sulfonic

Acids by High Performance Liquid Chromatography", Brozowski, E., D. Burkitt, M. Gabriel, E. McCarthy, J.
North Jersey A.C.A. Chromatography Discussion Group, Hanrahan, and J. Smith, "A Simple. Sensitive Method
Nutley, New Jersey, 14 March 1979. for the Quantitative Analysis of Carbon Tetrachloride

and Chloroform in Water at the Parts Per Billion Level",
French, C., L. Palmer, and J. Smith, "Analysis of Proceedings of the 9th Materials Research Symposium.
Polymer Oligomers by High Performance Liquid Gaithersburg, Maryland, 10-12 April 1978.
Chromatography", Middle Atlantic Regional A.C.S.
M,.-eting, West Long Branch, New Jersey, 19-23 March
1979.



Theodore F. Them, Ph.D.
X

"N..

Fields of Competence thermal conductivity, and photoionization detectors. Ex-
perience includes methods development, separation op-

Inorganic and organic chemistry; instrumental timization, and data reduction.
analytical techniques; synthesis of organic chemicals; Familiarity with use, maintenance, and operation of gas
laboratory management; chemical research and educa- chromatograph/mass spectrometer/data system (GCI
tion. MS/DS) in separations and identifications of complex

mixtures and molecules. Experience includes methods
development, separation enhancement, packed and
capillary column techniques, and data reduction.

Nine years experience in inorganic and organic
chemistry with strong synthetic organic and instrumen- Familiarity wvith use and operation of various infrared,
tal analytical background. Experienced researcher and nuclear magnetic resonance (NMR), atomic absorption
teacher. Background in conceptualizing, founding, ef- (AA), and liquid chromatographic (LC) instrumentation.
fecting, and administering a chemical consulting firm. Familiarity with use, maintenance, and operation of

Tekmar Models LSC-2 and ALS purge/trap and liquid
Credentials sample concentrator devices and associated gas chro-

M.S., Chemistry-University of New Mexico (1975) matographic methods.

Familiarity with use, maintenance, and operation ofPh.D., Chemistry-University of New Mexico (1977) Fisher Model 490 Coat.Analyzer for analysis of moisture,

American Chemical Society volatiles and ash in coal.

The Society of Sigma Xi Familiarity with use, maintenance, and operation of
Fisher Sulfur Analyzer System for analysis of sulfur in

Southwest Association, of. Forensic Scientists- coal and hydrocarbon fuels.
Associate Member

Familiarity with use, maintenance, ar.d operation of ParrSociety of Applied Spectroscopy, Rio Grande Section Adiabatic Bom Calorimeter and asso.ciated Master Con-
troller in calorimetric analysis or coal and coke,

Employment History foodstuffs, and fuels.
1982-Present WESTON Familiarity with use, maintenance, and operation of

Fisher Models Titralyzer II (Fixed End Point) and
1981-1982 Bell Petroleum Services, Inc. Tritrimeter II automatic titration systems for analysis of
19821982 Bell Petroleum Laboratories water by pH or millivolt-sensitive methods.

1977-1981 AnaChem, Inc. Publications
Co-Founder, Vice President

1975-1977 University of New Mexico Hazardous Properties and Environmental Effects of
Materials Used in Solar Heating and Cooling (SHAC)

Practical Experience Technologies: Interim Handbook, J.Q. Search (ed.),
August 1978. Sandia Laboratories report Sand 78-0842,
available from National Technical Information Service,Familiarity with use, maintenance, and operation of gas S rnfed igna

chromatographs with flame ionization, electron capture, Springfield, Virginia.

Professional Proiile ,



"Isomerism in Complexes of Bidentate Ligands with
Enantiotopic Donor Atoms", R.E. Tapscott, J.D. Mather,
and T.F. Them, Coordination Chemistry Reviews, Vol.
19, Nos. 2/3, September 1979.
"Stereochemical Studies on Diastereomers of Tris

(2,3..butanediami ne).Col bait (111)", C.J. Hilleary, T.F.
Them, R.E. Tapscott, Inorganic Chemistry, Vol. 19, No.
102, 1980.
"Staying Abreast of PCB Regulations: TESTING", R.M.
Holland and T.F. Them, Prolessional Trade Publication,
June 1980.
"Stereochemistry of Arsenic (1ll) and Antimony (111) 1,2-
DihydroxyEychohexane.1 ,2-dicarboxylates," D. Mar-
covich, E.N. Duesler, R.E. Tapscott, and T.F. Them, In-
organic Chemistry, 1982.



EARL M. HANSEN

Credentials Managed a Sampling and Analysis con-
tract for U.S. EPA at Research Triangle

B.A., Chemistry - Wittenberg Univer- Park, North Carolina. This program fo-
sity (1963) cused on the evaluaticn of a volatile

organic sampling train (vOST) for the
Ph.D., Chemistry - Michigan State Uni- collection of volatile organic ccm-
versity (1970) pounds from the gaseous effluents of

hazardous waste incinerators. Directed
Emloyment History the construction of two VCST trains and

developed a protocol for the use of
1984-Present WESTCN VOST to evaluate the performance of

hazardous waste incinerators.
1982-1984 Envirodyxe Engineers,

Inc. Managing EEI's laboratory Quality As-
surance Program.

1977-1982 Midwest Research
Institute. Participated in the design and prelim-

inary evaluation of a laboratory-scale
1973-1977 Snell Environmntal thermal destruction system to be used

Group to evaluate the feasibility of incin-
eration of liquid and solid hazardous

1972-1973 Clyde E. Williams and wastes. Directed a multi-task program
Associates which required quick response methods

evaluation and analysis of groundwaters
1969-1972 Notre Dame University and soils from hazardous waste disposal

sites. Samples received in this program
Key Projects were analyzed for substituted phenols

and polynuclear aromatic hydrocarbons
Managed a program to analyze environ- (PAH's) using GC/MS and HPLC.
mental samples for 2,3,7,8-TCDD for the
U.S. EPA. This program required the Managed a program to analyze process
analysis of over 2,000 environmental wastewaters from six organic chemical
samples in 1983. manufacturing plants. This program was
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EAPL M. iNE
(continued)

conducted for the U.S. EPA to identify Hentz, R.R., Farhataziz and E.M. Han-
and quantify the presence of organic sen, "Pulse Radiolysis of Liquids at
and inorganic priority pollutants in High Pressures. I. Absorption Spectrum
these wastewaters. The project required of the Hydrated Electron at Pressures
design of sampling plans, development up to 6.3 kbar," J. Chem. Phys., 55,
and evaluation of analytical methods, 4974 (1971).
and collection and analysis of over 250
samples. These data were incorporated Hentz, R.R.., Farhataziz and E.M. Han-
into the data base which is to be used sen, "Pulse Radiolysis of Liquids at
by EPA to establish Best Available High Pressures. II. Diffusion Con-
Treatment Technology (BAT) regulations trolled Reactions of the Hydrated Elec-
for the organic chemical manufacturing tron,' J. Chiem. Phys., 56, 4485 (1972).
industry.

Hentz, R.R., Farhataziz and E.M. Han-
Led the evaluation, selection, and rec- sen, 'Pulse Radiolysis of Liquids at
cmmendaticn of an inductively-coupled High Pressures. II. Hydrated Electron
plasma (ICP) spectrophotometer which Reactions Not Controlled by Diffusion,"
was purchased as an addition to MRI's J. Chem. Phys., 56, 2959 (1972).
atomic spectroscopy instrumentation in
1981. Braswell, P., K. Guter, and E.M. Han-

sen, "Groundwater Monitoring Made
Directed the completion of three proj- Easy," Deeds and Data (December 1975).
ects requiring chemical analysis of
air, water, and solid waste effluents Hansen, E.M., 'Protocol for the Collec-
which were collected frm the combus- tion and Analysis of Volatile POHC's
tion of refuse-derived fuel (RDF) as a Using VOST.' Prepared for Industrial
part of an environmental assessment of Evironmental Research Laboratory, Re-
waste-to-energy processes. These sam- search Triangle Park, North Carolina,
ples were analyzed for trace inorganic Contract No. 68-02-3627 (EPA-600/8-84-
and organic components using AA, SSMS, 007, March 1984).
GC, and GC/MS.

Papers
Supervised field activities for collec-
tion and shipment of wastewater samples Dye, J.L., L.R. Dalton, and L.M. Han-
collected from a pilot-scale wastewater sen, 'ESR and Optical Spectra of Metal
treatment system in support of a treat- Amine and Ammonia Mixtures,' Abstracts
ability study of acid mine drainage of the 149th National Meeting of the
conducted by the U.S. EPA. American Chemical Society, p. 455

(April 1965).
Publications

Hentz, R.R., Farhataziz and E.M. Han-
Dalton, L.R., %.D. Rynbrandt, E.M. Han- sen, 'Pulse Radiolysis of Liquids at
sen, and J.L. Dye, "ESR and Optical High Pressures. I. Absorption Spectrum
Spectra of Metal Amine and Ammonia Mix- of the Hydrated Electron at Pressures
tures,' J. Chem. Phys., 44, 3969 up to 6.3 kbar," J. Chem. Phys., Pre-
(1966>. sented at the Conference on Radiation

C8



EARL M. HANSEN
(continued)

and Photochemistry, Whiteshell Nuclear Ananth, K.P., P. Gorman, and E.M. Han-
Research Centre, Pinawa, Manitoba, Can- sen, -Trial Burn Verification Program
da (November 1971). for Hazardous Waste Incineration.0 Pre-

sented at the 8th Annual Research Sym-
Hentz, R.R., Farhataziz and E.14. Han- posiwn for Land Disposal Incineration
sen, 'Pulse Radiolysis of Liquids at and Treatment of Hazardous Waste
High Pressares. II. Diffusion-Con- (March 1982).
trolled and Nondiffusion-Controlled Re-
actions of the Hydrated Electron.' Pre- Swanson, S.E., E.M. Hansen, L. Petrie,
sented at the National Meeting of the J.L. Spigorelli, and L.M. Williams,
American Chemical Society, New York 'Priority Pollutants in POTW Sludges.*
(Septenber 1972). Presented at WPCF Conference, St.

Louis, Missouri (October 1982).
Cramer, P.H., E.E. Conrad, J.E. Going,
and C.L. Haile, E.M. Hansen, L.S. Ma- Hansen, E.M., "Preparation and Analysis
lone, and A. Shan, 'Analysis of Vola- of Environmental Samples for 2,3,7,8-
tile Organic Priority Pollutants by the TCDD.0 Presented to St. Louis Section
Purge and Trap Method.' Presented at of American Chemical Society, St.
the Chromatography Forum, sponsored by Louis, Missouri (May 1982).
Supelco, Inc., West Chester, Pennsyl-
vania (May 1980). Hansen, E.M., 'Analytical Methods for

Determination of 2,3,7,8-TCDD in Soil.'
Cramer, P.H., E.E. Conrad, J.E. Going, Presented as part of 'Panel Discussion
and C.L. Haile, E.M. Hansen, L.S. Ma- on Dioxin Risk Assessment" St. Louis
lone, and A. Shan, *Analysis of Vola- Section of American Institute of Chemi-
tile Organic Priority Pollutants by the- cal Engineers (June 1983).
Purge and Trap Method.' Presented at
the Meeting of the Federation of Ana- Hansen, E.M., 'Analytical Methods for
lytical Chemistry and Spectroscopy So- Determination of 2,3,7,8-TCDD in Soil.'
cieties, Philadelphia, Pennsylvania Presented to Chemistry Department Sem-
(August 1980). inar Program, University of Missouri-

St. Louis (September 1983).
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CARTER P. NULTON

Fields of Competence Employment History

His graduate and Post-doctoral researct 1984-Present WESTc

was directed toward the development and Organic Laboratory
application of analytical methods for Manager

the study of small molecule metabolism.
He was involved with the design and 1978-1984 Southwest Research

construction of a combined, computer- Institute

ized radio-qas chromatograph/mass spec- Manager, mass
trometer (RGC/MS) and its application Spectrometry

to metabolic studies in fungi, plants

and algae. For seven years at Southwest 1975-1978 University of

Research Institute he worked on devel- Pittsburgh
opinq methods for analysis of trace Research Associate

levels of organic pollutants in a va-
riety of environmental matrices, char- Kev Projects

acterizing potentially toxic organic
constituents resulting from combustion Development of GC methods for the anal-

processes and developing approaches to ysis of industrial process waters and

analyzing hazardo:is wastes. As manager effluents using a wide variety of de-
of the GC/MS facility at Southwest Re- tectors (BCD, Hall, PID, FID, NPD, TCD,
search Institute he also supported re- FPD).
search in organic synthesis, fuel char-
acterization, electronic component Characterization of organic pollutants

failure analysis and biochemistry. in municipal sludges using GC/MS.

Credentials Analysis of biota and sediments from
an oil producing area in the Central

B.S., Chemistry - Geneva College Gulf of Mexico to determine the pres-
(1969) ence and extent of contamination of

petrogenic hydrocarbons.

Ph.D., Biochemistry - University of
Pittsburgh (1975)

1550A
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CARTER P. NULTON
(continued)

Characterization of orqanic wastes Samplinq and analysis of feedstocks.
qenerated bY the orqanobromine indus- emissions and wastes from a coal/refuse
try. co-fired power plant with emchasis on

determininq if chlorinated pollutants

Studies to elucidate the mechanism(s) (particularly dioxins) were evolved.

of sediment formation in diesel fuel
usinq Vrolysis oillary O/NS and Analysis of combustion products arisinq
IT-IL from halocarbon polymers.
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Abstracts Carter P. Nulton

I. 1. Campbell, E. W. Grotzinger. J. Naworal and C. P. Nulton. A New Approach
to Biosynthetic Studies. 9th IUPAC International Symposium on the Chemistry of
Natural Products, Ottawa, 1974, Abstract C27.

C. Nulton and 1. M. Campbell. Secondary Metabolism in Peniciliium
brevicomoactum. 7th Central Regional Meeting of the American Chemical Society,
Morgantown, West Virginia, 1975, Abstract 109.

C. P. Nulton, J. D. Naworal and I. M. Campbell. A combined Radio Gas
Chromatograph/Mass Spentrometer (RGC/MS) Detects Intermediates in Mycophenolic
Acid Biosynthesis. 24th Annual Conference on Mass Spectrometry and Allied
Topics, American Society for Mass Spectrometry, San Diego, California. 1976,
Abstract PSA16.

I. H. Campbell, D. L. Doerfler, L. Ernst and C. P. Nulton. Radiogas
Chromatography/Mass Spectrometry. 69th Annual AOCS Meeting, St. Louis,
Missouri. J. Am. Oil Che.. Soc. 55:249A. 1978, Abstract 130.

C. F. Rodriguez, C. P. Nulton and W. A. McMahon. GC/MS Verification of
Identity of Chlorinated Pesticides and Biphenyls in Municipal Sewage Treatment
Plant Sludge. 27th Annual Conference on Mass Spectronetry and Allied Topics,
Seattle, Washington, 1979, Abstract RAMOC9.

Charles F. Rodriguez, Donald E. Johnson, Carter P. Nulton. The Application of
Wastewater Screening Methods to the Determination of Chlorination Pesticides
and Biphenyls in Treatment Plant Sludge. Presented rt 35th Sonuthwot Regional
ACS Meeting, Austin, Texas, 1979.

J. W. Rhoades and C. P. Nulton. Microextraction as an Approach to the Analysis
of Priority Pollutants in Vastewaters. ACS Second Chemical Congress of North
America Continent, San Francisco, California, 1980, Abstract 49.

J. W. Rhoades and C. P. Nulton. Priorit; Pollutant Analyses of Industrial
Wastewaters Using a Hicroextraction Approach. 7th Annual Meeting Federation of
Analytical Chemistry and Spectroscopy Societies, Philadelphia, Pennsylvania,
1980, Abstract 19.

C. P. Nulton and J. W. Rhoades. Miczoextraction Procedure: Modification and
Application to Priority Pollutant Analysis in Waste Streams. 7th Annual
Meeting Federation of Analytical Chemistry and Spectroscopy Societies,
Philadelphia, Pennsylvania, 1980, Abstract 20.

C. P. Nulton and H. S. Silvus. Indoor Contaminants - Characterization and
Detection. Presented at the Human Productivity Workshop - NASA, Ames
Laboratory. California, 1984.
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Publications Carter P. Nulton

C. P. Nulton. Secondary Metabolism in Penicillium brevicompactum. Ph.D.
Thesis, University of Pittsburgh, Pittsburgh, Pennsylvania, 1975.

C. P. Nulton, J. D. Naworal, 1. M. Campbell and (in part) E. W. Grotzinger.
Combined Radio Gas Chromatography/Mass Spectrometry Detects Intermediates in
Mycophenolic Acid Biosynthesis. Analytical Biochemistry, 75:219-233, 1976.

C. P. Nulton and 1. M. Campbell. Mycophenolic Acid is Produced During Balanced
Growth of Penicillium brevicompactum. Cand. J. Microbiol., 23:20-27, 1977.

I. M. Campbell, D. L. Doerfler, S. A. Donahey, R. Xadlec, E. L. McGandy, J. D.
Naworal, C. P. Nulton, M. Venza-Raczka, and F. Wimberly. A Software Package to
Collect and Process Radiogas Chromatographic Data. Analytical Chem., 49:1726-
1734, 1977.

C. P. Nulton and I. M. Campbell. Labelled Acetone and Levulinic Acid Are
Formed When C-Acetate is Being Converted to Mycophenolic Acid in Penicillium
brevicompactin. Cand. J. Microbiol., 24:199-201, 1978.

D. L. Doerfler, C. P. Nulton, C. D. Bartman, F. J. Gottlieb, and I. M.
Campbell. Spore Sermination, Colony Development, and Secondary Metabolism in
Penicillium brevicompactum: A Radiogas Chromatographic and Morphological
Study. Cand. J. Microbiol., 24:1490-1501, 1978.

J. W. Rhoades and C. P. Nulton. Priority Pollutant Analyses of Industrial
Wastewaters Using a Microextraction Approach. J. Environ. Sci. Health,
A15(5):467-484, 1980.

C. P. Nulton and D. E. Johnson. Aromatic Hydrocarbons in Marine Tissues from
the Central Gulf of Mexico. J. Environ. Sci. Health, A16(3):271-288, 191.

C. A. Bedinger and C. P. Nulton. Analysis of Environmental and Tar Samples
from the Nearshore South Texas Area After the IXTOC-1 Blowout. Coastal
Research, p. 19-22, October 1981.

J. W. Rhoades and C. P. Nulton. Microextraction as an Approach to Analysis for
Priority Pollutants in Industrial Wastewater. In: Advances in the
Identification and Analysis of Organic Pollutants in Water, Vol. 1, Chapter 15,
L. H. Keith, ed., Ann Arbor Science Publishers, Inc., Ann Arbor, Michigan,
1981, pp. 241-252.

C. A. Bedinger and C. P. Nulton. Analysis of Environmental and Tar Samples
from the Near-Shore South Texas Area after Oiling from the IXTOC-1 Blowout.
Bull. Env. Contam. and Toxcol., 28:i66-171, 1982.

C. P. Nulton, C. L. Haile and D. P. Redford. Determination of Total Organic
Halogen .n Environmental Extracts Using Gas Chromatography with Hall Detection.
Anal Chem., 54:598-599, 1984.

H. J. Harding, C. P. Nulton and 0. Saenz, Jr. The Effect of High Inorganic
Chloride Levels on TOX Determination. Submitted to Anal. Chem.
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Glenn R. Smart

Fields of Competence Key Projects
Hydrogeologic investigations of potential hazardous Project Manager for Superfund site hydrogeologic in-

Hydogsieadlog istigatinandsupervisin of a hvestigation to determine potential impact on local well
wast sites and landfills; design and supervision of in-supplies.
stallation of groundwater monitoring programs; collec-
tion -f field data and evaluation of potential en- Project Manager for complete hydrogeologic investiga-
vironmental impact; management of hydrogeologic pro- tion of Superfund site involving alleged contamination
jects at hazardous waste sites. of municipal field.

Project Manager for confidential industrial client. Pro-
Experience Summary ject included hydrogeologic study to determine the

groundwater quality beneath site slated for industrial
Seven years of experience in various aspects of the development.
water resource industry. Involvement in over 100 hazard-

* ous waste projects in sixteen states. Development of Supervised a team of six field geologists arid par-
hazardous waste site preliminary assessments and full ticipated in collection of geologic data for nationwide
field investigations. Development of site safety plans mineral survey. Responsible for all planning, logistics.
for use during hazardous waste site evaluations. Fully quality assurance and financial control of the team.
trained in the use of respiratory protective equipment, Designed shallow water table study to assess impact of
emergency first aid procedures, site sampling protocols past waste disposal practices of confidential client.
and chain-of-custody procedures, and general site safe-
ty programs. Frequent interaction with government and Designed and supervised installation of numerous
industrial clients. Provided expert testimony for super- groundwater monitoring programs at hazardous waste
fund litigation, sites.

Employed remote sensing technirues and on-site in- Publications
vestigations to locate favorable si'es for the develop-
ment of groundwater suoplies. Collected field data, Hagger, C.L.D., and G.R. Smart. "Drilling and Installa-
compiled hydrologic ana hydraulic input, prepared tion of Groundwater Monitoring Wells on Hazardous
reports for flood insurance studies. Presented study Waste Sites: Construction Specifications and Prepara-
results to federa: state and local authorities. tions for Non-ideal Field Conditions." Paper presented

to Northeast Conference on the Impact of Waste
Credentials Storage and Disposal on Groundwater Resources,

Ithaca, New York, July, 1982.
B.S., Hydrology-University of New Hampshire (1977) Smart, G.R., "A Cost.Effective Approach to Monitoring

National Water Well Association, Technical Division Well Installation." Paper presented to Triangle Con-
ference on Environmental Technology, University ofAmerican Water Resource Association North Carolina at Chapel Hill, North Carolina, April.

Employment History 1983.

Smart, G.R., "Installation of Monitoring Wells at Hazard-
1984-Present WESTON ous Waste Sites." Paper presented to 1983 Spill Control

and Hazardous Materials Conference, New Haven, Con-
1979-1984 Ec0oogy and Environment, Inc. necticut, 1983.
1977-1979 Sverdrap & Parcel and Associates, Smart, G.R., "Design of Monitoring Well Systems to

Inc. Meet RCRA Requirements." Presented at the HMCRI
Waste Site Conference, Houston, Texas, March, 1984.

Professional Profile
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Steven I. Michelson

Registration Key Projects

Engineer-In-Training Assisted in the evaluation of contaminant migration to a
future Bedford, Massachusetts well-water site as part of

Fields of Competence a U.S. Air Force-sponsored project at Hanscom Field.
Technical supervision and participation in the sched-

Field investigations; groundwater resource evaluations; uled operation and disassembly of pilot treatment plant.
hydrogeologic investigations of landfills and potential Conducted sampling and field studies in support of
water resource impacts; geologic mapping; regional and pilot treatment unit.
local structural and geomorphological analyses;
microscopic identification of minerals; foundation and Participated in procedural design and operation of field
structuri concrete design; surveying; analysis of soil sampling and analysis of a chemical waste impound-
stability and mechanics; small systems analysis and ment.
design; CPM generation; Fortran IV program design and Assisted in design and evaluation for fresh water
analysis. storage in Lincoln, New Hampshire. Organized written
Employment History and plan specifications for contract bidding.

Assisted In the evaluation of the environmental impact
1983-Present WESTON of present landfill leachate and seepage.

1982 Getty Refining and Marketing Conducted site design, evaluation, and construction
cost estimations for wastewater treatment plant in

1981 Geological Mapping and North Andover, Massachusetts.
Interpretation
Wyoming-Idaho Rockies

Credentials

B.S., Geology-Lehigh University (1982)
B.S., Civil Engineering- Lehigh University (1982)
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APPENDIX D

WELL AND TEST PIT LOGS



APPENDIX D-1

BORING LOGS



1TEST BORING LOG
.._ _ _ _ _ _ _ BORING NO. RFW-I

PROJECT: -HA,- ZZ F'If-t! 4V'SrICA7' j SHEET NO / OF 2.
CLIENT: F JOB NO.
3ORING CONTRACTOR Q . I. j- - - ELEVATION
GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED I?- -

DATE TIME WATER EL. SCREEN TYPE .. DATE FINISHED 12- tWATER~
Pa 701 10 ! , • 

DRILLER L,.,rA 'r,

WT.140 INSPEORI , 
! F LL ! "

W E L A M P L E
r  I 

r

comnR ... P CLASS1IICATION REMARKS

1, 1 5. U., __ it M _ a_____.
0 • !O u-T W~ hs N "D E p~

I- S

0 i' S 5",nc ,./ OInn ~c .

I+I

_ ._ _ . .. ... - ... .. ......... .- ( * f 4 -.. . . - . . ...... r -SIMI < SII

- 4rt.c~Dl-



TEST BORING LOG
BORING NO. Rw'-f

PROJECT: XlZP COt AM&B P~4os______ SHEET NO. 2 OF
CLIENT: 0 F AJOB NO.

WELL SAM P--E

CONSTRUCTION to NO TYPE BLOW$ NMP CLA SSI F IC A TI O N REMARKS

6- iSCHwm -6 -v5

(

0 ,o- 104 / ',n+ 4to Cr.Sc_ 5St~ me~ior der e

T -- 4 'r~c- 5,54-'o 0

-:
- - -6r. C.o 7

Irt COAMSe SAND

< I

-9" 0 1- M

T S rcj s.

L

-0 __7-q S rn c

D1-2



TEST BORING LOG
s,,,. BORIN G NO. RFQ, I.PROJECT: A /755 p HI5sr SHEET NO. 3 OF -3

_____ -____________ ____ ___ ___ ___S_ B RIN NO. F tJ-
CLIENT: ,, F JOB NO.- SA,-,.,. I- ._-_,A,,._-______-_ "

WELL 0-CA SIFICAT10NCONSTRUCTION NO. TE CLASSIFICATN REMARKS

-*o F _._

P 0 .- - -----

po 5 - r_..... 2S~t flr d~

"T"

,5 -- D0 i&Z f.D

*rlea c r- :

f -= xv1 . A ° t. m
- a.-" , . -r, ~ +

177' & ---- TTromO o Lo(
0

IL

i s

S1 17D1-3



TEST BORIt;G LOG
BORING NO. /ZF-2-A

PROJECT -1J2 P QT15 AN68(,'jR3" IS4EET NO I OF I
CLIENT : LS,' F Joe #1O.1 1
3ORING CONTRACTOR , D/.. /?P.FI?. - ELEVATION
GROUND WATER: j | CAS. SAMP CORE TUBE DATE STARTED /TE 7 - 8I4

WLL

!~WT INSPECTOR i °=
... -

P L IEPFAL

W a, L - -- REMARK

I " t~ S~,pc .-

01; So 'r L
T

E

-,i 0

o -t

D1-4

-.-. :-- - -- - - .- ...



TEST BORING LOG
BORING NO. -N-Z

OPRJECT.7 ZP OTI ,N66, qjq9s- SHEET NO / OF_____________________BRN O e-
ICLIENT - 5p F JOB NO. j

3ORING CONTRACTOR • ),L. /,7HI' ELEVATION
3ROUND WATER: CAS. SAMP CORE TUBE DATE STARTED ,/?-/S- 8
SDATE T'E WATER EL. g SCREEN TYPE _ DATE FINISHED / -/ .

0IA. 2" DRILLER WI, Cr4TY
WT. I40 INSPECTOR c, mc. Lrso4

, , FALL ___,,_ _ _ _
WEL l 

S A M P L E ,
oi BLOWL PERC' A 3 S IIF I C A T 10 'NRE A K

CONSTRUCTION N O. LW LSIICTO EAK

OLT tqJt De ~Pos crs

f1-- '- s e

, S Ir

.1

t ~

55 -5 1 rn- cr S. Vrsc 67mvc(I.~i
Xt

IVI
e.1

- D1-5



ITEST BORING LOG
BORING NO. FW- Z

PROJECT t le P OTIS A/ I&R PHaSe- 72 SHEET NO. Z OF 3
CLIENT. _SA_ F IJOB No.- ' - - SA--- -

WELL -- CASFCTOCONSTRUCTIO N Oli . TYPEK .D C L A S SI F I C A TI1 0 N
C1N0 rotS 

REMARKS
- - s 1-

T a.; dr__o No

ti4 ' -- -

.0

N -

SIM lo

.. 0

eTs cL's

to -- 1

46 !S i M 'lia

l -IIT _0 . 7 ,7-zo s a ?'" ,

-'S

o;. L
-. L

- -

, S

D1- _ __._ _ _



ITEST BORING LOG
_ %w _ _ _ _ _ _ _ _ _ _ _ _ _ BORING NO. F -Z_

PROJECT: p OrTI5 ("' P . - SHEET NO. . OF -3

CLIENT : 22E. jJOB NO. -

- SA.--- -

WELL - C LASSO IC ATIN

CONSTIRUcflDN Z lNo. CLS REMARKS

80 "ma PL, m

-r 10"5 /Cocx-S

I -
0

7DI-7

.H~1



TEST BORMG LOG-
BORING NO. 'F 1j-3,

PROJECT 19IP OTIS A,1&# PH~L Thr SHEET NO /OfI
CLIENT: JOB NO.
BORING CONTRACTOR E - - -LEVATION

GROUND WTER: CAS. SAMP. CORE TUBE DAT[ STARTED I-?- -
DATE 70TrE WATER EL. SCREEN TYPE OATE FINISHED /-3-

71f4 I TI, SO' jIA J -~DRILLER Wd. r- i4Y
- .WT. INSPECTOR -D, _tJ

- - - ~~FALL _______
WELL SAMPLETW E LL zo ,; C L A S S I F R EM "r I 'l t IARKS

AI I. C~ A 1
CONSTRUCTION NO.

.r _3 w ,0J-Z
0

F 3:; L ocn D

IZ

7'D

; ;: f*

L;-" o

, .. " .

4

D1-8



TEST BORING LOG
_BORING NO. eF: fr Io

PROJECT I.p DriS 4$ 643 SHEET NO I or .
CLIENT : 05I F JOB No.
NORING CONTRACTOR, , - -- ELEVATION
GROUND WATER: CA. SAMP CORE jTUBE DATE RTED-DATE TSUE WATER EL. I SCREEN TYPE . DAT E  FINIS14ED 12 €- F4

VIA. DRILLER WJ, r'/t4 -/'
WT. ~INSP ETOR 5, (rj CHrjL . j,

I FALL
WELL SAMPL
COSRCTO 4.i rem L AS 1F I C A T 10N 11 RMARKS

0-

T. Is I.~lPl

CONSTRUCTION :. NO. LWPE Pe,

A T~

T

L

14-7

"IS
T

.5

S3 55

V)

Sirriiar DIle9r c7rme

D1-9



TEST BORING LOG
BORING NO. F "

CLIENT : QA F pOB No.

ROJECT - :e 
'- s A-Al 

) A4l 

SHEET NO. Z OF

C-EN _ LI;54!I F E- _ ___ _ _ _ _ _ _ _ _ _ _ _ O O _ _ _ _ _ _ _ _ _ _ _WELL 01.C 'r:Cv No. Ty OLD- 9 , ¢n L A S; S I F I C A T 1 0 NCONSTRUCTIOU NO mwmCASFCTO EA
SmeREMARK

-B

o N

55 T

lq 4
Ar~

A

t"J
5

-2:5 Snsl IAr

N

D TI

u '-S. i? c"
, 757S ,ii Sgrn-c

$7

T
,-

N

° {" 7- ,

•. Dil
"--' - mm" - -l - -iliii ll l l H



fTEST BORING LOG

BORING NO. ?t-3I
PROJECTZ: -P e" ,5 A&,g pp SHEET NO. 2 OF
CLIENT: 05A F JOB NO.

-WELL, ..- sAM..-P-E - _ --________
WEL " S C L A S$S1 F I C A TI1O0N

CONSTRUCTION NO. C LAwSSIPICA TIO REMARKS1 -- F asRMAK

jl,5,,(JT --:T A

A -4a 4

S

L)L$ ;

5 .5

1D1-1Si
tu

, . eo Bo'iorn or +6L,- '3¢,

Di-i



TEST BORING LOG-
BORING NO. _?IJ-4

PROJECTS XZ CP 0~7 S tp i(7S pi, 5e S EETNO I Or 3
CLIENT : ()5tq F JOB NO.

IBORING CONTRACTOR' L, rnl AtC ,-- ELEVATION
GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED I2 -
DATE TIME WATER EL. SCREEN TYPE - DATE FINISHED I-- i -

,,D IA . D R IL L E R W C- i n: Y A ,

WT. INSPErCTODR 5, M , e" f-50,

F ALL - F T, F. C fpr

WELL SA- P IAP
CONTRUTIO **'* NO TYE I..nrBm L A 5 S J F I C A 7 10 IN REMARKS

CONSTRUCTIO M D.

C7

- 5 00

I

55-

7- I- i m

Dl-12

5~ ..

Il)

U :

_____DI-12



TEST BORING LOG
lc&T ~~damBORING NO. t2Rt - -q

PROJECT T. C P a15 A ?(ya PH 8p5C SHEET NO. 2 OF ,3

CLIENT: USA_ F JOB No.

WAMPLEWELL - m REMARKSCLASSIFICATION
CONSTRUCTION NO. TYPE RMARK1

Tar, ;•.i~ liONe-Sg

o , ieb(

: " 0

T -%J .

:'10

7 -

A.'

i' "., DI-1

7 55, rn ~

- 7-7

.5 m~ -a

(Z
kSv51~
iS - - __

o ~Dl-13



TEST BORING LOG
BORING NO. R, i- ,,

PROJECT: m P SHEET NO. ' OF 3
CLIENT : _ _ _ _ -JOB NO. ...

SAMPLEWELL ,"N.WW LL-w" C LA SSI FICA TION
CONSTRUCTION NO. TYPE REMARKS

IC z

Tar , 5, s,4,, ,.

1~ - - Ji~le C7rrvJcl

A
5 I

"--' -

-N
Lo --

Q0

.

- " 17.. -- -- , i. - . - -.- - - - . -

[.

Dl-14



TEST BORING LOS

_____ ____ ____ ____ ____ ____ ____ ____ ____ BORING -NO. ~~-
PROJECT OTIS IA'4r;'R PH5-SHEET NDO OF -
CLIENT : I -AF JOB NO.
3ORING CONTRACO M DL. MIHEIZ ELEVATION

ISROUND~~~ WAEICS-SM CORE _ _ _ __ESTREDI t-S

DATE TIME WATER E. SCREEN TYPE $5 - - DATE FINISHED I -I?- T4

jDIA. -" DRILLER WJ. C 171~
W'.10INSPECTOR D. fr epp5

FALL 30I___________

WELL SAM PLC
WEL L - CLSSIF I CA TIO0N REMARKS

CONSTRUCTION 4W o yE LW ~

T Ll b+ 6roi ,n re ocmrms SFN

H IS

TI

N Ai

01

V)

i Ss S-7 L1 4 6.V(" 0 cOC

0-)

DI-15



~TEST BORING LOG~
==O,,,,,, IBORING NO. ?FO/- S"

PROJECT: 4 OTIS 4q ? T(A 4 SHEET NO. 7 OF l

CLIENT: Q - j FJOB NO.

WELL- SA -P-L E -

WELLRCM SLW n - L LAS SI F IC A T 1 0
CONSRUCION .,... wREMARKS

- 6- 5k4 - brw -acc%-c

- " " - .. SC ur.a. ej

T
0 17-!77Sb , r

rr
L

AA

!z l

4--;

,

p r~r ~ -

0 [i I I5
$

~YV: D

* • aI -i._, ,,., ,

* .1 •U :. .

DI--1

5 V-I mma a' t~l =m=:



TEST BORING LOG
_______ ~BORING NO. PlFij-S-

PROJECT : -7r 12 i p PHP-5r ir SHECET NO. 3 OF
CLIE NT USAF__ _ _ ___ _ _ __ _ _ _ __ _ _ _ JoB NO. _ _ _ _ _ _ _ _ _ _ _

-WELL -

ONRUTO No. SWT CASIIATO REMARKS

LI' m 4I ve1c.oJsc SA.InD
.5 I DS 14k -s ~

__________D1-17'



TEST BORIG LOG
BORING NO. f?Fi&-6

PROJECT: 0715 A--j(i2 PisgE I SHEET NO I Of 

CLIENT: 1 s 0 F Joe NO.
IORING CONTRACTOR •... AHn A - - - ELEVATION
GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED /-f- -d4
DATE TIME WATER jL. SCREEN TYPE !55 DATE FINISHED /-ld- T,4

.... CIA. z"' DRILLER L.j LL J&TY

WT. I40 INSPECTOR D,, LrPP:

- FALL - -
SAM PL; £

WE LL a EAK
It".- C LAS SIFICAT ION REMARKS

6
u

T T t
.

S1 
L

.- ,-- /;//I 6," ,e[

A N

f ._
ps .a

I - 4

- 7-s

S
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TEST BORING LOG

PROJECT : :z P 0 5 A H6 B .... SHEET NO. OF
CLIENT - USA F JJOl NO.

WELL C LA SSI FIC A TIC 
CONSTRUCTION NO. TK BLOW$ P E

n4 m mES 
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LT I " Oi-)!0 d

I5 --
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T " 1 -- 12 nl ' e- oor-" &
K- _0

-Z M-
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TEST BORING LOG
BORING NO. RVtj-g

PROJECT: I ZD 5 P-'6-, P4J SHEET NO. .3 OF J-
CLIENT: U_____ _F JJOB NO.

-~ ~ SEAWEL Col nE . , L A 5SS I F IC A T,1 0 N
cONSTRUCflON •No Tym mLee CC REMARKS

0 F

; ;0
5 1:. T iC5

,Di
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-- - ~ ~ BrTO M 0OF Wd-foL ls
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40
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TEST BORING LOG
BORING NO. MF J-7

PROJECT ; p 6TS Ar4& PtqAS " SHEET NO / OF 2
CLIENT ()CA F JOB NO.
30RING CONTRACTOR L, /9 HR ELEVATION
;ROUND WATER: CAS. SAMP CORE TUBE DATE STARTED /-- 4
DATE TIME WATER EL. SCREEN TYPE DATE FINISHED /-'- Fe,

VIA. _DRILLER ____
WT. INSPECTOR a. 4 , 0"PS

FALL

WELL -I SAMPLE 
RA

WELL u C*-=.os LASSIF ICAT IO'N REMARKS
CONSTRUCTION CLASIFRNs n

- -r S

- OL1 T.AS-H Z>CPOZ rTS
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7d

.
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TEST BORING LOG
____ ___ ___ ___ ____ ___ ___ ___ ___ BORING NO. I?Fij.-7

PROJECT : I~ Rp J75AiAP -4 SHEET NO. 7Z OF Z
CLIENT: ________ ______________ JOB NO.

- SAM--lf
WEs~ ucLL No - -lC AS IF CAsO REMARKS

U 0 -5,7 Li,4 bt-ocir, 'n 4C=~ -SI r_4 u rc4 c

~JN 6 55 L__5

ITI
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.S Z- --3
'C6-7
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L-
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TEST BORING LOG
BORING NO. R/WS

PROJECT . - i7i/s '-7AJ-i7 Z<,4,S J - ,v /, "S E N OF _..

CLIENT : _ _ _ _ _ _ _ _ _ _ _ JOB NO. 2j -C-2,
BORING CONTRACTOR _Z.L MA__,_ ELEVATION t

GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED 1/0 4

DATE TIME WATER EL. SCREEN TYPE DATE FINISHED /0/C)1&4
DIA. - DRILLER *,. ,'! V15

W T. 4 -0 INSPECTOR S A,4

FALL

SAMPLE
WELL Mo-9-wBL WS PE C L A S S I F I C A T 1 0 N REM ARKS

CONSTRUCTION NO. TYPEslowsPER0 6 INCHES,
- - -

CAP

VV

71

, -7- - "F tcor Co,~ s: rb .kI

- - __ vatL=v 9 a.ii I

_ .5 D1-5

W

' -305- s ra f - - t

.36

Vl -- u~WA*12---
_; -Dl- 23'



TEST BORING LOG

____ ____ ____ ___ ____ ____ ____ ___BORING NO. 1?FWp9

PROJECT : -ZRP- d7PS AsN$,8 qoqSE-~ SHEET NO. 2OFa
CLIENT: __ __ _ __ _ _ __ _ __ _ __ __ _ __ _ _ O NO. Q 2 0

SAMPLE__ _ _ _ _ _ _ -

WELL I- BLW _ L SS I A I

CONSTRUCTION ItN 0. ULWE CLASPICAEO REMARKS
6 INCHES

14 -5

BO K 40r-Ho4-

=7

eA75E

_ _ _ __Dl-24_ _



TEST BORING LOG

BORINGNO tPS
SCLIENT: AA JO0B NO0. 06,??~
BORING CONTRACTOR t /, MAN4-P ELEVATION
GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED /0 /
DATE TIME WATER EL. ISCREEN TYPE s -DATE FINISHED gi/ 164

DIA. -DRILLER # AVS
WT. /0INSPECTOR

FALL 30"____________
SAMPLE

WELL xI-
.w CLWE CL AS SIF IC A TIO0N REMARKSCONSTRUCTION W.O. 6 INCHES
0-

ourw.,ASA -!:tEoS'T"

-5

T~t r-N roVey04G4F-10 s 5 r4 t.eca- a~ san bAfA

-1-

___ 10 scmn. rndiuw -to CWarA. vd'4

25

-30:5- SS

-35J

_zDl- 25 .7.... VjAmi 4(



TEST BORING LOG
BORING NO. -W

PROJECT : .. C)7S7 AV , N, . -7Q:04. -,, b S HEET NO. 2 OF -

CLIENT: ,_,_, __ _ __ __ _JOB NO. Cr, 2 -dS-Zp
SAMPLE

W E L L LO S PER C L A S S I F I C A T 1 0 N R EM AR K S

CONSTRUCTIO .N ~NO.TP a INCHSRC A SFC T

-,-- 

NA/u

0400

i

----I o S- , -4-s-

-75

.0 ..35

- - Dl-26_ _ _



TEST BORING LOG
BORING NO.?,FW-1O

PROJECT : - C'yr/S 4'AJ,7P, P/A9C A - A1QtrIC I4-r7oAJ SHEET NO I OF .

CLIENT " fSAC, JOB NO. 06?.-C.S-ZA

BORING CONTRACTOR - t ,,L MA.SP ELEVATION

GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED /0ii

DATE TIME WATER EL. SCREEN TYPE Is DATE FINISHED IeolA/[
DIA. DRILLER #,J. bV1

__ _ _ _ __ _ _ _ _ __ _ _ _ _ WT. 1.40 INSPECTOR S ! "

FALL s0 __

SAMPLE
ml C L A S S I F I C A T 1 0 N REMARKS

CONSTRUCTION a- tNO. TYPE LOWS PER
6 INCHES

0AP- - - - - - - - - - -

C-'WAS/H DXPO)StrK. _

)-7--I-d r 15o W t F / N E T COA PS E - m P

_10 5- 1S~A ~ {i~Qt ~.,w
[ t 1 .Io 3 $s S--A-2., .%b, Sornm¢ -ena to rtlclU'4'u 1BC96' eJud

; iIS

A .'

, '/,OI T

. - - S-

1w

J _ - 5- 4

.36

4O5~6S60-0) ~ MORF, .o~zV S4f4,)b

- -. . - ~~D1-27-... - -



TEST BORING LOG
____ ___ ____ ___ ____ ___ ____ ___ ____ ___BORING NO. RPW IL)

PROJCT c)7~ N6,, ~ - ~q-c,.J Jk SHEET NO. ?-OF

CLIENT: ______JOB NO. 062Fj-cJ-Ze

WE L I- SAMPLE 
_ _ _ _ _ _ _ _ _ _

WELLUTONSOW E C LA SS IF IC A TIO0N
COSRUTON~ NO. TYPE 6L ICES REMARKS

57s4-5-7- J,6L)WIH BROWAJ sp*e -.

O5 ~ ~ ~ yli7 oS a xIIZ LW A1r 494

-Z g - 4q ________or-_____

MO4jj7e FF'AJL$ PA S24O1o

67A0S aeW 0 47~
____B 

0e690~

Li ~~ SS ~ - $CAefI 6A -O6AI OO

[ 
7 

A

78-2



TEST BORING LOG
BORING NO./

jPROJECT : .'- cvrs qAJC-<, JZA$ - 105,),64-r7t)AJ SHEET NO. / OFZ

I CLIENT : .SA ;JOB NO. 0?P-CS-ZA-
I BORING CONTRACTOR 1,L ,AM4,? _ELEVATION

.GROUND WATER: CAS. SAMP CORE TUBE DATE STARTED /01Z/64
DATE TIME WATER EL. SCREEN TYPE ss DATE FINISHED /016164

OIA. ?_j DRILLER .

WT. 14-0 INSPECTOR &. SAIl47

FALL s0_

SAMPLE
WELL C L A S S I F I C A T 1 0 N REMARKS

CONSTRUCTION mo NO. TYPE IBLOWSPER
,,-, 6 INCHES

CP -1 Ss-

SAf'4 Mb FiNE. -M~ MEOAAMM6~

"15

- -3 .-z.-7 SADAF. - o bizL'-b LA-VIF 4T Aj, - SL,6447 P4E6TLE
A-, -2o 5-3SS 19, , Lt. T70,,4

'-25

'g
- L9EATS DAMP Ni&1 I PRA A4&oICi

4

.... .. . Dl- 29 . ........



TEST BORING LOG
____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___BO'RING NO. AFFW f

PROJECT 6.iF-17%~ 4"68j 7E.. S - MdYv-cC.4-XJ SHEET NO. aOF
CLIENT __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _JOB NO. 06~ -S ?

SAMPLE
WELLC S

CONSTRUCTION NO YESOSPRREMARKS I
-6 -NCHES

'c5.

-L

V)I

S5w : 6' SME-C0fs A2

70

Dl-3



APPENDIX D-2

TEST PIT LOGS



A

U T m--PROJECT No. 65ZC23TEST PIT LOGS

PROJECT: P~ -U - ~ ~ ,I-OI SHEET OF
CLIENT: - -

CONTRACTOR:. ~ ~ C, EQUIPMENT: krf.ZG 1A '
DEPTH TO WATER: INSPECTOR: L

LOG OF TEST PIT No.- De:~3& Elevation:-
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

_3 Ala., s/ r: 1 ~rvj,~~ -

5

10- __ _ '0 ~.

15

-20-

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-1

FIGURE



PROJECT No. O -TEST PIT LOGS

PROJECT: - SHEET OF
CLIENT: S, -- h CE(Ii r70sSETO
CONTRACTOR: .,,,,- .-. - . C.,A-,. EQUIPMENT: ,.F' ,, i -. ciz,

DEPTH TO WATER: INSPECTOR: 2, f - ,3/.-

LOG OF TEST PIT No. - 2 Date: iHl3c18s Elevation:
DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

- /L I

-- 15 -

20-

COMMENTS. ___________________

D2-2

FIGURE



PROJECT No. ~ C~TEST PIT LOGS

PROJECT: F-- - G L---- -l SHEET OF
CLIENT: af 4L
CONTRACTOR: -% QIMET 7

DEPTH TO WATER: INSPECTOR: ~L~ H
LOG OF TEST PIT No.-.. Date:Hjit4& Elevation:

DEPTH SAMPLE TS EUT
FT. No. DEPTH CLASSIFICATION TS EUT

5--

I0

-15-

-20

COMMENTS. __________________

D2-3

FIGURE



PROJECT No. " - TEST PIT LOGS

PROJECT: .e .Cg,? o rF4-.. -"7" SHEET OF

CLIENT: _ - dL. G

CONTRACTOR: - - - , -. EQUIPMENT: "', . -, ,

DEPTH TO WATER: INSPECTOR: IQ, L. /9 /-/

LOG OF TEST PIT No. -;. Date: ///3 5 f4EIevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

13 c .#/c-

5

/Orr*T

--10

-"515

-2-.

COMMENTS:
D2-4

FIGURE



4 *,

PROJCT N. ~ ~Z~- TEST PIT LOGS

- " .. L.. -e-4 7"S SHEET OF

CLIENT: c/JF-OE"-/L,,
CONTRACTOR: _. , EQUIPMENT: -jL 14o rc h _.

DEPTH TO WATER: INSPECTOR: , L.

LOG OF TEST PIT No.- 6" Date: ///3, , Elevation:
DEPTH SAMPLE ."

FT. No. DEPTH CLASSIFICATION TEST RESULTS

'Vtet,(/. I --11 -V

goo

II

We- /' V kCA"

--15

COMMENTS:

D2-5

FIGURE



PROJECT No. TEST PIT

PROJECT: -;AFe L 41vo /l -c 7"'s SHEET OF

CLIENT: ___-__ _____/_

CONTRACTOR: h.t / ,-'r,,'v. EQUIPMENT: T. rL - .
DEPTH TO WATER: " INSPECTOR: 2. /

LOG OF TEST PIT No.. . Date: 1/,15!,3 Elevation:
DEPTH SAMPLE TS

FT. No. DEPTH CLASSIFICATION TEST RESULTS

74.- 4 a'

r/,_4 L.A PS A / 70 -7, T
-- I0-

-20-

COMMENTS: II

D2-6

FIGURE



4I

TEST PIT LOGS
a kL MMP R O JE C T N o. . ,A . .,C ,

PROJECT: - - 7 - '3-ue 4.T - O,,//- "T/S SHEET OF

CLIENT: -
CONTRACTOR: - " EQUIPMENT: , _ -

DEPTH TO WATER: INSPECTOR: , .fr .//

LOG OF TEST PIT No. - 7 Date: 110/3/ Elevation:

DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

/O - -- -- Z. :
--

- -0

1510-

-20

COMMENTS:

D2-7

FIGURE



PROECTNo. $ 6Z<5CS2 TEST PIT LOGS'

PROJECT: e 73 4J'C: -'w /L- - 1-r SHEET OF

CLIENT: o e~C~wJ AIAkei
CONTRACTOR: ,4r /eA-k EQUIPMENT: 7A-r ,Zkme
DEPTH TO WATER: /INSPECTOR: .

LOG OF TEST PIT No. -8Date:)fQ? Elevation:
DEPTH SAMPLE TS EUT

F T. No. DEPTH CLASSIFICATION TS EUT

4& rr

15 5-'s v~es ~

COMMENTS:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-8 ___

FIGURE



PROJECT No. 67z- TEST PIT LOGS

PROJECT: - s? ,-F~L. &T~SHEET OF
CLIENT:
CONTRACTOR: ,-~~A - .k, -vEQUIPMIENT: -*~~ 3c
DEPTH TO WATER: INSPECTOR: .. -~4/

LOG OF TEST PIT No. -Date: ///3c /g3Ebevation:
DEPTH SAMPLE TS EUT

F T. No. DEPTH CLASSIFICATION TS EUT

STlMj 44, n 00 ;r -/n A '

5-

10-

15-

-20

COMMENTS:
D2-9

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: TI -; -7 k 7, SHEET OF
CLIENT:-
CONTRACTOR- ~C~r EQUIPMENT: ~ zc
DEPTH TO WATER: INSPECTOR: ~u~r

LOG CF TEST PIT No. Date: Elevation:
DEPTH SAMPLE TS EUT

F T. No. DE5PTH CLASSIFICATION TS EUT

5 4-? , H AId'-i- - ,4 
6

/prv

5/4 r voovv4;r7C-54Akz

h-,.o /'

5~~

-D2-1

FIGURE



tl

PROJECT No. ^625c92 &c- TEST PIT LOGS

PROJECT: - ,"" -CT' SHEET OF
CLIENT: -

CONTRACTOR: t -cv*..- , V EQUIPMENT. ' c... T , ,.--ce
DEPTH TO WATER: INSPECTOR: 7.\!-:.

LOG OF TEST PIT No. It Date:.-- Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

c S rc ^, ;6-) c'

A e -Ae4~( .,e S 14- 7-

P.I- '
4

' 5-7
/-

-- reu' - i-cz,<, 4-,s

-15-

COMMENTS:
D2-11

FIGURE



\~I~iII~IiJPROJECT N. TEST PIT LOGS~
PROJECT: .- crr -~- HE OF

CLIENT: A -cHIt(
CONTRACTOR: c.i~' EQUIPMENT: +\7
DEPTH TO WATER: INSPECTOR: ~~~ap.~

LOG OF TEST -IT No. IZDate: Elevation:
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

'Z S.(ild(

-10 Fre44-~ /c,,~~

-15-

-20-

COMMENTS- _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

D2-12

FIGURE



PROJECT No. :) I c - TEST PIT LOGS
PROJECT: ~ -CAP t-c.. SHEET OF
CLIENT:
CONTRACTO:I- ~ e.~~ ~~s EQUIPMENT. r~ LQ~LC

DEPTH To WATER: INSPECTOR: L
LOG OF TEST PIT No. ~3Date: Elevaiion:

DEPTH SAMPLE TS EUT
FT. No. DEPTH CLASSIFICATION TS EUT

/3 /A &C k- /4,.'L4 A. 4 6/5 V0

.5 J7 4Oce PC/eq5J"

4,0

COMMENTS-

D2-13

F IGURE



PROJECT No. C'GZc;2_ TEST PIT LOGS

PROJECT: 7- C-F-.-7 S SHEET OF
CLIENT: "

CONTRACTOR: ,,- -- , , QUIPMENT: - , ..-

DEPTH TO WATER: INSPECTOR: -

LOG OF TEST PIT No. I4 Dote:. Elevalion:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

-S A:.. -

c

& Ve._ H - -Si-J

-10-

15-

-20

COMMENTS.

D2-14

FIGURE



PROJECT P~~:/Zc-2 TEST PIT LOGS

PROJECT: ci- r-- O --. r SHEET OF
CLIENT: -- r,/-I-
CONTRACTOR: -5'. EQUIPMENT: 7z ?.,o
DEPTH TO WATER: INSPECTOR: ~ .i

LOG OF TEST PIT No. ~gDate: z ~Elevat ion: ____

DEPTH SAMPLE TEST RESULTS
F T. No- DEPTH CLASSIFICATION

42 eyfve (-. Cct5-,>e../

-2- -

COMMENTS: ___________________

D2-15

J FIGURE



PROJECT No. LZC-? J TEST PIT LOGS
PROJECT: v -C SHEET OF
CLIENT:
CONTRACTOR: . EQUIPMENT. ~ 7~
DEPTH TO WATER: INSPECTOR: ~-d

LOG OF TEST PIT No. Date: ElEvation:
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

.50

~ C~dC

x i , r7L

I20

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-16

FIGURE



PROJECT No. TEST PIT LOGS
PROJCT:SHEET OF

CLIENT:
CONTRACTOR: / \ ,h2-.EQUIPMENT: &-zCA~CcY
DEPTH TO WATER: INSPECTOR: -f

LOG OF TEST PIT No. /7Date: I,/87Elevation:
DEPTH SAMPLECLSIIAINTTREUS

FT. No. DEPTHCLSIIAINTTREUS

/7- -F 11 Ce --

~c~7)7

.5

* ~ 9Fr4,0

10

COMMENTS- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-17

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: f7 - (7/ - SHEET OF

C L I E N T : T - r _ _1_ _S E T__-"F

CONTRACTOR:, h c'...,,-'a ,,,.,-_,e -/3.#A.,C b. EQUIPMENT: . ''sr ,'c e --
DEPTH TO WATER: INSPECTOR: , .

LOG OF TEST PIT No. /." Date: //,/ji3 Elevation:
DEPTH SAMPLE I T

FT. No. DEPTH CLASSIFICATION TEST RESULTS

/Ov 'C1A/h 77.A' - 4o' CC,'. +f,,7- $',4,,,, j s - - ,

q"m , ,.. - -4, " .. vE'", oc .''o-€/"

e~l. Ce+ a.- - e1 x ~v,,., . r"I ."

-15

-20-

COMMENTS:

D2-18

FIGURE



PROJCT N. C62$c~~ { TEST PIT LOGS

PRCJECT: Ahleje ZL-/r~ - CTSSHEET OF
CLIENT: S ** i-L v-
CONTRACTOR:_~t- __. EQUIPMENT: -- k,7L 2Z&c.
DEPTH TO WATER: INSPECTOR: )

LOG OF TEST PIT No. /9Date: 2/, /33 Elevation:
DEPTH SAMPLEI

FT. -No. DEPTH CLASSIFICATION I TEST RESULTS

5-

10-

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-19

FIGURE



PROJECT No. 6. ,C59TEST PIT LOGS

PROJECT: A. - -0r SHEET OF
CLIENT: ;r-oEj -/
CONTRACTOR: EQUIPMENT: '4 7- T/..=A, 6G1
DEPTH TO WATER: INSPECTOR:/ c,.

LOG OF TEST PIT No. 10 Date:/z/,/;a3 ElIevation:
DEPTH SAMPLE

F T. Nno. DEPTH CLASSIFICATION TEST RESULTS

kl&A.7- /7'

10

15

COMMENTS. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-20

FIGURE



PROJECT No. /4z&5 TEST PIT LOGS
PROJECT: - r SET O
CLIENT: 7r - Z ~'- 71SET O

CONTRACTOR: / ,6 / ' ~(~EQUIPMENT: T& 260 e-4CA
DEPTH TO WATER: INSPECTOR: kL. OQ4 L

LOG OF TEST PIT No. Dt:Elevation:
F.N.DEPTH ML CLASSIFICATION TEST RESULTS

-- 5

10-

COMMENTS:-_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

D2-21

FIGURE



PROJCT N. C2Sc~2~'TEST PIT LOGS*
PROJECT: /-'klseV - A-2,& - )71_ SHEET OF
CLIENT: r, 6,1 L-, /1
CONTRACTOR: '4%~/~AjW C(-ffy4V EQUIPMENT:;7.- a.~ ~&9'
DEPTH TO WATER: INSPECTOR:-,L (2~~~L.

LOG OF TEST PIT No. 17-Date: ~z~&Elevation:
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

_Z 1w(

?5 -

20-

COMMENTS: _______

____________D2-22

FIGURE



PROJECT No. ~ TEST PIT LOGS

PROJECT - f 'f~-r/s SHEET OF
CLIENT:
CONTRACTOR~k~ EQPMN: &. c'-
DEPTH TO WATER: -INSPECTOR: ~L~' /

LOG OF TEST PIT No. Z:3 Date: '//'/83 Elev'ation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

C,,

-. 5

10

I50

COMMENTS.

D2-23

FIGURE



PROJECT No. 64cL?~ TEST PIT LOGS'

PROJECT: -r7"2.-7ys SHEET OF
CLIENT: -t4 ::C-4L W-4-~

CONTRACTOR: 'P ic e4 A EQUIPMENT: ~ :
DEPTH TO WATER: INSPECTOR: /?L,

LOG OF TEST PIT No. l'fDate: / /10- Elevation,
DEPTH SAMPLE TS EUTFT. No. DEPTH CLASSIFICATION TS EUT

--5

10

FIGURE



PROJECT No. j>&S TEST PIT LOGS

PROJECT: /--e -C SHEET OF
CLIENT: : S4/--
CONTRACTOR:, IZ 7)e /31) b" EQUIPMENT:/6
DEPTH TO WATER: INSPECTOR.: gi -

LOG OF TEST PIT No. ~Date: Elevation:
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

-15-

COMMENTS. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-25

FIGURE



PROJECT No. TEZST2 PITLOGS

PROJECT: 75SETO
CLIENT: CS -C&c /(- -~
CONTRACTOR: , CFbEQUPMNT 6 $'C i,
DEPTH TO WATER: INSPECTOR: R1.~t

LOG OF TEST PIT No. Dtsi//.''Elevation:
DEPTH SAMPLE CLSIIAINTEST RESULTS

FT. No. DEPTH CASFCTO

.5

15-

COMMENTS:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-26

FIGURE



PROJECT No. 6 z TEST PIT LOGS

PROJECT: P' -- SHEET OF

CON T R A CTOR 0 Cw/ R c e. Q ,L,:UIPMENT: .7' 'L/~c-~
DEPTH TO WATER: INPCTR -. L. V/3LL7

LOG OF TEST PIT No. ,7Dte:! / 5 Elevation:

FT. No. DEPTH CLASSIFICATION TEST RESULTS

CLZZA' ,PW"l- '"' SA.-'2 /
4- /1

COMMENTS:._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2- 27

FIGURE



PROJECT No ~TEST PIT LOGS'

PROJECT: ~ -,r ~SHEET OF
CLIENT:
CONTRACT:e:(,&C;-,,,qi?& EQUIPMENT: p7--
DEPTH TO WATER: INSPECTOR:

LOG OF TEST PIT No. 2~ Date:/?1/q Elevation-
DEPTH SAMPLE TS EUT

FT. No.-DEPTH CLASSIFICATION TS EUT

-5~-

10-

_______ 7 ~ /;,I ,/-'-TA A L'vJ Q /a

15-

-20~_ _

COMMENTS.
D2-28

FIGURE



POE CT No. ~2XS2 Z5, TEST PIT LOGS

PROJECT: Z, .;e 7's SHEET O
CLIENT: :-SF- 66 -IA^,
CONTRACTOR: 6 .' u, - K - ~ EQUIPMENT: 7--A;;L -26o,-; ;~c~
DEPTH TO WATER: INSPECTOR: e. L

LOG OF TEST PIT No. 4~Date: Elevation-
DEPTH SAMPLE TEST RESULTSFT. No. DEPTH CLASSIFICATION

15- F

-20-

COMMENTS- _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

D2-29

FIGURE



PROJECT No. 5 cI z" TEST PIT LOGS

PROJECT: .,s a--- ,7- -- '" SHEET OF
CLIENT: e" I-L.4 A..
CONTRACTOR:-"/'!z- / -C , EQUIPMENT:-7. >. -'..
DEPTH TO WATER: INSPECTOR:R.e-

LOG OF TEST PIT No. 5 Date: /.//k3EIe ation:
DEPTH SAMPLE TSRUS i

FT. No. DEPTH CLASSIFICATION TEST RESULTS

--. 5 -- A-"6 Ole'

10-

15

20

COMMENTS:

D2-30

FIGURE



PROJECT No. z&2 TEST PIT LOGS

PROJECT. /-2ht7Se ,- 0747 SHEET OF
CLIENT: &.'JE-
C 0 N TVcR A C T 0tR: EQUIPMENT: fl- e

DEPTH TO WATER: INSPECTOR: . L

LOG OF TEST PIT No. SIDate: iAl, 03 Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

5.5

10-

--

COMMENTS- _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

D2-31

FIGUREI



PROJECT No. j"TEST PIT LOGS

PROJECT: -)rlyA- 7/rl! SHEET OF
CLIENT: , r'- ,
CONTRACTOR: p 4,/..,,'3C-, ,2 ZttV arib'. EQUIPMENT: _ 7-. Z 2:,C, _
DEPTH TO WATER: INSPECTOR: , I/-.

LOG OF TEST PIT No. -3Z- _Date: Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

Z IV

-- 5

-10-

15

-20--

COMMENTS:-_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

FIGURE



PROJECT No TEST PIT LOGS

PROJECT: , - ./S SHEET OF

CLIENT: -A,
CONTRACTOR:,., . ,n.:d ; /'-- . EQUIPMENT: t. rL t< - 6 -6c ' "-e

DEPTH TO WATER: ; "NSPECTOR: 77' . ,,,w ,,

LOG OF TEST PIT No. Date:/Z///. Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

-- c /I--

5

-10

-20-

COMMENTS:

D2-33

FIGURE



PROJECT No. O'c2-os-,- TEST PIT LOGS

PROJECT: STiy R,"p ANC-Z5 - 2f-4,1 1..A O,, SHEET / OF I
CLIENT: 'S A, ?. F-,. >er
CONTRACTOR: C,.'T -/r.Lc'b' ic EQUIPMENT: AS,.=_ .Ac Hc'-
DEPTH TO WATER: INSPECTOR: S SA2T"

LOG OF TEST PIT No'. '7"-IA (s, 4" Date: w2/74 Elevation: p.
DEPTH SAMPLE TEST RESULTS

FT. No. DEPTH CLASSIFICATION

5-

10

COMMENTS:

D2-34

FIGURE



PROJECT No. ~TEST PIT LOGS

PROJECT: "- sTt.D CA"1 AMI7 - A . '(A, ,noj SHEET OF i
CLIENT: W.s A', .# &,c1
CONTRACTOR: /- 7, 7- 0 4ILS /'c EQUIPMENT: CAS,= Mrc- _ .ACt4C-L
DEPTH TO WATER: INSPECTOR: S. SmAA!T

LOG OF TEST PIT No. 7-'-,A (S,- 4) Date: /o/zi,. Elevation: o6-17
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TEST RESULTS

-5

-I0-- -
15

-20--

COMMENTS:

D2-35

FIGURE



PROJECT No.,&C-OS-? TEST PIT LOGS

PROJECT: - $Tuiy j-7 AN6-*h - .- Aoc/CAPo4 SHEET OF I

CLIENT: L..S Alf? er__
CONTRACTOR: (bL'-,?T LLS /Vc EQUIPMENT: CASE ZAA/Cr'z.5 C --

DEPTH TO WATER: INSPECTOR: S S Akt

LOG OF TEST PIT No'. , ) 4 Date: Wz/4 Elevation: lazf
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

"Lj T"f--Ar>~ -" P-':

-- IO -k r -

-5

-10-

20

COMMENTS:
D2-36

FIGURE



PROJECT NTEST PIT LOGS

PROJECT: -=RP S-tzDY 67- ANCr - mi-A _w ' MOrhc,4/-)OJ SHEET / OF 1

CLIENT: L-IS AIR? r-cleC6
CONTRACTOR: /A/C, G4L,')s /ic EQUIPMENT: CAS,- 4 O/e4. S8 ZAc<A4Ct-O.

DEPTH TO WATER: INSPECTOR: S. S ,A 7"

LOG OF TEST PIT No' -lP-4A (6,,7 ~ Dote: ~/- 73,e Elevation: 10.77
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

5 z t A -

-0 _ _ _ _ _- -

-5-

-10

15 -

-20-

COMMENTS:

D2-37

FIGURE
L



PROJECT No. TEST PIT' LOGS

PROJECT: -=R S-7LI'D C7 AN67-e - -, AE- Ai.re4-0- SHEET I OF/
CLIENT: L-ls A//? ce
CONTRACTOR: / ,,,evsAc EQUIPMENT: CASIS M0C: S60 8C'1'-:
DEPTH TO WATER: INSPECTOR: S.S e-

LOG OF TEST PIT No. -17~-~A(,~ Date: </'Elevation: lc'.4I1
DEPTH SAMPLECLSFIAONTTREUS

FT. No. DEPTHCLSIIAINTTREUS

-5

-10 -

15

-20-

COMMENTS:
D2-38

FIGURE



PROJECT No. O - --- TEST PIT LOGS

PROJECT: AA - -4A%.: I'--,4ol SHEET OF

CLIENT: ,.I.S A i .ec_
CONTRACTOR: /q*nL- CApL-,N /,Vc EQUIPMENT: fASiE M6OC&.- ! W eAC<'-.

DEPTH TO WATER: INSPECTOR: . SMAe-i

LOG OF TEST PIT No. TP-,A (St,- 4) Date: ,c/z/34 Elevation: /3'. 7

DEPTH SAMPLE TEST RESULTS
FT. No. DEPTH CLASSIFICATION

5-

iG2Wj Crj*ZC$P A-~

10--

I

-20-

COMMENTS:

D2-39

FIGURE



PROJECT No. 0 05-ze. - TEST PIT LOGS

PROJECT: Rl- STuY <.7-75 AN647' 8- AS,. : ,AoLv =mO,*, SHEET / OF /

CLIENT: a.5 Ale .
CONTRACTOR: T C-qLij% INC EQUIPMENT: CASIE 8O S-- *,---

DEPTH TO WATER: INSPECTOR: S. SMAok"

LOG OF TEST PIT No. r7>- 7A -;m- ,/) Date:/o'lv Elevation:
DEPTH SAMPLE CLASSIFICATION TEST RESULTS

FT. No. DEPTH

-5

10

15

20-

COMMENTS:

D2-40

FIGURE



PROJECT No. ~- - TEST PIT LOGS

PROJECT: --r1F~ s577Itt 677: AIV6-73 - 7-4AF- AMo~vpf.42o-j SHEET / OF
CLIENT: L-5- Aje?
CONTRACTOR: 3-r'-& /./,vAc EQUIPMENT: C2AS/-E 11cCc-., EW --Zcct

DEPTH TO WATER: INSPECTOR: S SmAe-7
LOG OF TEST PIT No. V7--_914 7~'f Date: Elevation: 9'7g/1

F.N.DEPTH ML CLASSIFICATION TEST RESULTS

-20I

COMMENTS:D24

FIGURE



PROJECT No. I TEST PIT LOGS

PROJECT: >77S Aq his-,.,AI , &.- - , I ,: ;."/ SHEET OF
CLIENT: t$ A/I P,.-P
CONTRACTOR: F

, -  tb2 EQUIPMENT: .,,. ,-

DEPTH TO WATER: /,- c/AJ7--I INSPECTOR: .,

LOG OF TEST PIT No. -"p- IC Date: l/z/3"4  Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

zL1.,-r 1l_ VOMJ SAJ"y "m Soe. , -. 17

- I0

15-

20-

COMMENTS:

D2-42

FIGURE



PROJECT No. - TEST PIT LOGS

PROJECT: 53775 Aic,/'ir-vi, (,,4 .. T ..- T L ,-. -.2'i/ SHEET OF

CLIENT: At k AF .'- c
CONTRACTOR: p - CA-U -..  EQUIPMENT: -y,- /" ,-j

DEPTH TO WATER: p/ jF c~r' :; INSPECTOR: - -

LOG OF TEST PIT No. rT'P- Date: /O/z/74 Elevation:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS
.. . .. ........ Q I 4..-r .,--. ,. : ,, - "

-- -IO-L

5-

Th~'~~i ~ 3~ - 4 -r ~f 7

l0-

15--

-20-

COMMENTS:
D2-43

FIGURE



PROJECT No. I TEST PIT LOGS$-

PROJECT: 677 A~t /Iii-m"p j - :IT-~ li Z4I. SHEET OF OF
CLIENT: Us~ Alp I~ic
CONTRACTOR: Pn p''-, CA-UL EQUIPMENT: ~~
DEPTH TO WATER: "c~~ INSPECTOR: ce-

LOG OF TEST PIT No. 717 -3Sl Date: I0/z/gI4 Elevation:
DEPTH SAMPLE

F T. No. DEPTH CLASSIFICATION TEST RESULTS

5

10

-20-

COMMNTS:D2-44

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: 677-3 Ai" Nilmr-r, (u uql' L -,..- - - 7- , .-,-.,eQ SHEET OF t

CLIENT: LIS Alk F'.cC
CONTRACTOR: p- Cp4r"L EQUIPMENT: . /"&rt--JC
DEPTH TO WATER: Vn,.tV -,c,'-c. INSPECTOR: 4.

LOG OF TEST PIT No. 7-P 4): Date: ie/z/F Elevatior:
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

',) L .°"J

_________ LA .

-SAW.

5

10-

15

-20-

COMMENTS: D2-45

D2-45

FIGURE



PROJECT No. '_ -oS--j TEST PIT LOGS

PROJECT: __ STyLd7Y- ( 7' A /V 7 6CAO SHEET i OF /
CLIENT: L4.S A;, i4C e~
CONTRACTOR: , C4,s A'c EQUIPMENT: fASE !

4
Wo l.C S9. 9,LC-::Lc

DEPTH TC WATER: INSPECTOR: S. SAaAA 7"

LOG OF TEST PIT No. TP-1- Date: l/o///"4- Elevation: /0j Z/-5-
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

_ _ _ _ _A -" IZ i " / '% , ,- - .:

CO ArZfoP WU~ t 1WPs W"

- 5 - _ _ __T j c/A$ _ so- -. -. - -

'0-

-- 5

-20-

COMMENTS:
D2-46

FIGURE



PROJCT o. G-Z8TEST PIT LOGS

PROEC: =~psrLq~ n1-15 ,,/67_,SHEET, OF/
CLIENT: Au? F<),c
CONTRACTOR: /EP- =,, t,4/, I/tc EOUIPMENT; 2A~E ~ S
DEPTH TO WATER: INSPECTOR: S. SAAAoe-

___LOG OF TEST PIT No. T- Date: /0///34 Elevation: ,/:yf.,$
DEPTH SAMPLE TS EUT

F T. No. DEPTH CLASSIFICATION TS EUT
______ 50b -4.'W AIRO

COMMENTS:
D2-47

L FIGURE



PROJECT No. f,2 , - TEST PIT LOGS

PRO JECT: Rp s-t~j4i{ cf77 ANC A u/~0~Cfl SHEET / OF i

CLIENT: ~ ~ ~ e
CONTRACTOR: ~ -CL,4ICEUPET &OScd
DEPTH TO WATER: INSPECTOR: S SAAAe7-

LOG OF TEST PIT No.T-P- -3 Date: h ' Elevation:-~J9
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

(AN CA'llr-L AAi i *£

5-

F10-

15-

20-

CCMVMENTS: ____________________

D2-48

FIGURE



PROJECT No. -TEST PIT LOGS

PROJECT: . $te - .N - - SHEET OF

CLIFNT: 
l p ASHEET 

O

CONTRACTOR: C ,'. ,,c EQUIPMENT: AS,- ,M , -. _6

DEPTH TO WATER: INSPECTOR: S S, ,eT

LOG OF TEST PIT No. TP-4 Date: i//34 Elevation: l, /7
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

Thu- C,49 'A(L 5 v V J ''

5-

10-

15

-20-

COMMENTS:

D2-49

FIGURE



PROJECT No. j- TEST PIT LOGS

PROJECT: .__.,, 5 z D S f-- 75 AN$? -15- 44,S.. . mocr-,(A ,.4 SHEET OF I
CLIENT: .e Au? , --
CONTRACTOR: /'A/.-,- C_-tL(< /C EQUIPMENT: ASE Mc>.= SF -4 HO*-

DEPTH TO WATER: INSPECTOR: S. SAATe"
LOG OF TEST PIT No. 7-P-5 Date: /1 1.,/-,q Elevation: /, .F "77

DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

________7IO -- (f/t - .

Gu J CI7~ C> A 'Z!

-5

10-

15

-20-

COMMENTS:

D2-50

FIGURE



-- PROJECT No. TEST PIT LOGS

PROJECT: =Rr $s-74. C-/7: AIV6-tz- -t -SE -- m~ocv,=(A no'j SHEET OF /

CLIENT: ,/.s Alte
CONTRACTOR: 1r -'& - 0 4/L>S AIC EQUIPMENT: CAsE C-ActNcS&:
DEPTH TO WATER: INSPECTOR: .S, StAAe7-

LOG OF TEST PIT No. -1p - Date: 1(71, 4 Elevation:. c)(5 q'
DEPTH SAMPLE TS EUT

FT. No. DEPTH CLASSIFICATION TS EUT

- ~~3(-" 4rc~. -

-10- - - - - - - - - - - - -- ~ - . . _ _

15

-20-

COMMENTS:

D2-51.

FIGURE



SPROJECT No. 068 I-p TEST PIT LOGS

PROJECT: _T $TP - - - ' 7OV ,Cv oA2J SHEET / OF /

CLIENT: .w A e Fz,? C

CONTRACTOR: (kb p CT Cs-t' /,LC. EQUIPMENT: CAS,' MC,,-. SW -. ACw4#--'!.

DEPTH TO WATER: INSPECTOR: S3. Gvk,

LOG OF TEST PIT No. 7P-7 Date: /l/,g;,4 Elevation: fr1 .,'7

DEPTH SAMPLE CLASSIFICATION TEST RESULTS
FT. No. DEPTH

10.

COMMENTS:

D2-52

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: =FTp STiLu~y r,,7 -5 A/C7$ -7 m 0 LV i(Af no ^j SHEET / OF/
CLIENT: 4L1S AIR ;=C-
CONTRACTOR: C3'~- C41L,)S A/iC EQUIPMENT: /-AS/-= MCorC, SW9 &ICAC--e
DEPTH TO WATER: INSPECTOR: S. SivkAe-

LOG OF TEST PIT No. r7- - Date: uI/,/p Elevation: O,,1
DEPTH SAMPLE TS EUTFT. No. DEPTH CLASSIFICATION TS EUT

u /-5 -. 501Lt- AJ A

5

15-

COMMENTS-
D2-53

FIGURE



PROJECT No. 62s-os-__) TEST PIT LOGS

PROJECT: .Rp 5t4.Dy 675 AN6 7 5 -T'#tA,. Ni.(AnlO/j SHEET / OF /
CLIENT: u.5 Au, F-er_.
CONTRACTOR: Zt vc.LNS //C EQUIPMENT: ,.ASE /o-_ _. AC
DEPTH TO WATER: INSPECTOR: S,,Ae-

LOG OF TEST PIT No. i-7 "Z Date: /,, / Elevation: ! ' '-
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS
, -'l t, e ..

/ I ,: < -.3 ,,. ",, '-a-"

SA-

I0

-15

20

COMMENTS:

D2-54

FIGURE



PROJECT No. n~&o-- TEST PIT LOGS
PROJECT: -Rp s$ThIIDY 6-,7!: A/N6 7 15 - AA4/~d o P (,4loAJ SHEET I OF I
CLIENT: a-is

CONRACOR Ae~~- C/, /,/C EQUIPMENT: CASIE Mb.S60 ACr4CE.

DEPTH TO WATER: INSPECTOR: S IAAe-i
LOG OF TEST PIT No. r~ )Date: " j Elevation: /~

DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

-10- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(5-

-20

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2-55

FIGURE



PROJECT No. 0( Z TEST PIT LOGS

PROJECT: =Rp~~ 7 C/75 ANV675 -74AS = AAL.cf, no SHEET i OF
CLIENT: L-~AIR

CONTRACTOR: 11v~CJLL'.sAc EQUIPMENT: ,'Asl: Mcob. S&560 -~oE
DEPTH TO WATER: INSPECTOR: S, SMA~T

LOG OF TEST PIT No. T7:- 1/Date: lo,4 Elevation: /03?
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS
________ '>OP # L

7?+J 5,2"d 7e 6"t,- 5

I --

-20

COMMENTS:__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D2- 56

FIGURE



PROJECT No. , TEST PIT LOGS

PROJECT: -Rp SF-UbY 6775 ANL78 - ,'C4ASiEoor4no.,j SHEET 1 OF I
CLIENT: .s. A's? F-)ec6
CONTRACTOR: /% & -pIL.S /AC EQUIPMENT: CASIE MoOC-2 , S0 BAC<N4 -
DEPTH TO WATER: INSPECTOR: S. SAMA o 7

LOG OF TEST PIT No. - iZ Date: / i'/3q Elevation: /oF'.3
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

"J C-7 JP-_ ,t 15 T "3v t' n ' a F£ 5 '-:)z

-- IO-- .......

-

COMMENTS:

D2-57

FIGURE



PROJECT No. _2g-oS- Pj TEST PIT LOGS

PROJECT: R p S TUDt Y 77 5 A V67t - -4AS= .^- A 0 o4704 SHEET OF /

CLIENT: L-..5 AIR #Z-ler_
CONTRACTOR: /APT C__L,\S /vC EQUIPMENT: c2ASE A%40M-b s6 z'-

DEPTH TO WATER: INSPECTOR: S, S',A.7-

LOG OF TEST PIT No. 7-P Date: oi'/?V Elevation: /0,,-)
DEPTH SAMPLED No. DEPTH CLASSIFICATION TEST RESULTS

___ __-_ _ ___ __, ___ ....... .... tA4Ce 2oAJ j i4,Ju~ 3

-5-

15-

-20-

COMMENTS:

FIGURE



PROJE CT No. 'so-~TEST PIT LOGS
PROJECT: =R1p K7Ld4 F- 0NC - 4j~~IA~I~ HE OFI

CLIENT: -s- AIR Fzc',-
CONTRACTOR: /%3,Si rCAL,. /NIC EQUIPMENT: A/ o,.S *O
DEPTH TO WATER: INSPECTOR: S. SAMAe7-

LOG OF TEST PIT No. 72- /4 Date: ,/i/&lq Elevation: Ir)g ILI
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

5-

-15-

-20

COMMENTS:
D2-59

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: -R- ST-tu y AT-t - - A v ,N-4_ 1-7)C'0A4oAJ SHEET OF /

CLIENT: !W S AI? .
CONTRACTOR: , ':r; C.i,'?.;S. /H,,C EQUIPMENT: CASiE /Noc,:. SW -D S,4 4,-

DEPTH TO WATER: INSPECTOR: S. SAi'-.I

LOG OF TEST PIT Nc. -P (3 Date: lo/,/gq Elevation: . ,j

DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

_5_ __

-10-__

15 -

-20--

COMMENTS:

D2-60

FIGURE



PROJECT No. TEST PIT LOGS

PROJECT: .=Rp sriudoy 6-75Avf - T--".Z A.ic~vc~A4oAj SHEET OF/
CLIENT: L4iS AIR? FZe-
CONTRACTOR: ,e3 PbLI--- CA4,L,'N INIC EQUIPMENT; 8A4CM<~S& AAJt.
DEPTH TO WATER: INSPECTOR: S. SeA~e-

LOG OF TEST PIT No. Date: lo/'/r Elevation* /0),7
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

110

5

20

COMMENTS:
D2-61.

FIGURE



PROJECT No. ..02S-o5- 8 TEST PIT LOGS

PROJECT: =RT_ _-$.T'uD y--t INL -T4AS ioUKf.A,?0A4 SHEET .OF /

CLIENT: S Au?
CONTRACTOR:~~r-(.%t,' ,i EQUIPMENT:CAI S PA'C.

DEPTH TO WATER: INSPECTOR: S SAA7

LOG OF TEST PIT No. -/-P 17 Date: io/,/Bi/ Elevation: /.),ZQ'
DEPTH SAMPLE

FT. No. DEPTH CLASSIFICATION TEST RESULTS

- I0 - t

'5

-2G

COMMENTS: 
D2-62

FI3URE



PROJET No.~ g$~TEST PIT LOGS
PRO.JL~ ~ $Ttd~f 71PROJECT No-A~. NVLc(f4SET; F/

CLIENTft C4 A? 

CONTRACTOR: -t3r-C/L> ' EQUIPMENT: fC4S,= MC?)g SW,~
DEPTH TO WATER: INSPECTOR: S. SAAi"'-

LOG OF TEST PIT No. 7-P-'~ Date: /0f/,' Elevation: /0O).' 7

DEPTH SAMPLE
FT. No. DEPTH CLASSIFICATION TEST RESULTS

0Lf - a u -j /

-10-

-20

COMMENTS:
D2-63

FIGURE



APPENDIX D-3

OTHER AREA WELL LOGS



| 4

American Drilling & Boring Co., Inc. -sz- SWEET 1 o
10 WATER STREET EAST PROVIDENCE. R I DATE

TO Wood. Role Oessno1 aphpitk ngItut 9IS Woods Hole. KamA._ -  HOLE No
- Toot Z n -Ots At ForF almouth. mass. UE T.

R.FC,4T Sr7r to abie PROJ. NO OFFST

SAMPLES SENT I OAJONO. 7. -SUP. EEV.

II 0.

LOCATION OF BORING

Calling So-e Tipe Blows per a" Momswe strafe SOIL IOENTWICATION SAUPLE
Blows Doomsan Sopw Oiuty Remora WCluoe Color, 9S1doto, Type of

p y From- To Fr" To or cI etc A. cowtve,cono9%hard-
gao -es 0- GZ I an.t~p~ A i.9 11"w. Seams and etc NoC P"nR

- - -- -t. .. .. .

No SiMqlcs required from
0 to 10

* *-Ii'* " T 6* 9 U.- ut Drams f1te to coarse sA.NU.
edium trace of milt. Cobbles

dense

0-2'" D 20 21 25 Wet 3 118*1 S. 81

-dana

2 3

25*-26'1" D 18 13 vet Drow fine to coarse SAS3.,

,- _denee little lie to coarse
, - 11 ravel, trace of silt

weit

00-L.L.n 16 9 47 l.ve (Iram 30' to 35' Pushed * Z'
-dens Cobble)

.-. 2.-3I ...!) 10 13 17 Wet
- - ____..d__s.

(0..0u-No 31A-1-CC TO )____- ',ED - CArwi(. To-EN_______________
Type Nowon Used $4Ol11Wt a830- 0041onZ2"O ,j Sofmopor

* ~ Ceerq asv.m trce 0t01041  Consonwils De,.y m tv s. Form~ry w'
urI~~.'rvO Men bette :01020% 0-10 Loose 0-4Sf 30+ 1 91d C-f 'v -q
TP-Tr-~. P. A-.qwp V&VwTSI sane 20I.05% 10-350 Mod Dense 4- M/SW#f ~ -~, ... ~.

-- tp:-wd Thowail ov 351050,40 1 40 * Very Dense 15 -3 V-Stall HOLE 14,I
1-1 f 04111- - ISI *00 .

D3-1



American Drilling & Boring Co., Inc. SKEET..2L....F..7

IOD WATIR STREET I.AST PROVIDENCE, ft I DT

"OjECT NAheE - . ~- .. LOCATION time- a 0ST
REPCRT SENT TO...... -- ---- PQOJ No- OFFSE

SA~ftES SENT TO otUR joe No ,j ~ _ SUR CLEV

CWOUN0 WAl ER OBSERATOS CASING SAMPLER CORE BAR. Time

At _ ahr mwsSTART - - A
~ ''s TYPO COMPLETE-

soemi o TOTAL MRS.
As 0101N FOs ~ -RE""N

_____________ ~uFI SOLS EWA.

LOCATION OF BORING.-______ - - -

Casing S4I1m0 TYPO Siws per6 Mousture SOIL IOCNTIFICATION
Sows Oo'mtsat, Sow# Oeeosity SRel Amarks inctuat COto?, grtonf, T yoot of

fac IM Pvm - To F or oms Dramg soil tins n etc NOa-AIr ty'. Iad'o' P.a
foot _ ~~~~0-6 I 6-1Z 4-18 onsill E skhi-uw 5OUAdV 4 Pt .

£O4' D 7 14 vat MBrown flue to coarse SAND.
- - - - __ edlug trace of fime aravel.
- - - ___do=@ trace of silt

- -- - dens

- &:- At am toflw rvl

.- *51" D 9~ 9J Jj Met BrwUlst oreS .1 183 5

- "ag arc -fsl

- 00'41'6*" 0 31, 14_ 2L Met Brow fnt coarse s SAND. 01 1144
- - - - ___ ttin tracei o flare grael

- - - -- dense lit trace of silt

75-1*6 9 I 9 '8 Wet Brown f lue to coarse SAND. 13-13 1 "
a - - ____ ed~umtrace of fil tal

- - - a - ~densetae flt

70-71'&"~ A*. 31ateos SOW 2o5/ 10-5 Mod. s Dense to8 c/Soars SAn,

- - a d 50 Dees of5 still

Ioa 1014% - -as -e

- 5 - - .JL..D3-2



American Drilling & Boring Co., Inc. S4- S04ET 3 OF
110 WATER STREET EAST PROVIDENCE. R I DATE

HOLE No
TO -ADRESS LINE &STA.
PROJECT NAME ILOCATiON OFFSET
RE-CRT SENT TO_____________ IPaOJdo~-- -

SAMPLES SENT TO - ~ RomO 4-174 SLOF ELCEV.
Dore Tioge

000UN *AMER OBSERVATIONS CASING SAMPLER CORE BR .
START

At____ ef1w - Haw~s Type -- COmPUETIE-

S&Ne 10 -- TOTAL K"S.

At _ __ BORING FORMAN
N Of ter.........OW 14S5.W Wf -I - siS.ECTRo

________________ ft_ M'W eFall - S06LS EWA.
LOCATION OF BORING _____________ _________________

: cosing Sample Tvpe slows per 6 moisture Staa SOIL ICENTIFICATION SAMPLE
Blow$ Depti of an S Dnsuy Sro Remarks Incilae color, gradation. Type of

pe Fron- To tro," To o Ctonge sovil OCA RCW. tpe auior.,yeCfdte, hard-
act 06 I 6-12 12-16 Consist nes DrW iqIYff, seOfiandlWIC Mo Pe" Rec

0Oag 0 1 -13 Wet. Irm tietcas SAND. JA
- - - sodium trace o1 flne gravel, trace

- - - - des" of silt

a - (From 83~ " to Ome

mass of Cobbles ranging
- -- - rom '-to 1V)

09L~. ..L 12. J%. Wet Draem flee to coarse SAND, AL -

- -- den..trace of flow to mad jim
- - - -gravel. trace of silt,

-- -Cobble 1EE

- 10 10 A' -A- - k

- - a - "dim

- - - -dens

105'-106'6' 0. is I.J is 1 vet

110-lU126 D 13 14 .29.

-~~ 1 -ll6 .20L i

(.aujr.O SuRFACIE TO _____ ULL -_-_CASING TMEN____________ ___

SnpeType Proporuions uses 040b W1 a30 *foll on 2'00. So iw "UMARY
0 Df C;COred wavvesea 'IM 00010% C400101011111 Densiy Coh'ew" Comagel"iV frm f" nor

U'l-n~lvbeo Piston bille 10142001e 0-00 Louise I 0-4 Soft 304+ morE Rock Car ag
TP- "? Pt Azw~tVz~oie Tst 0-50 Med De"%@ 4-8 M/ShtfSapeTP: ~~Sat 2~~PtA~~.rVd' el s' 0:& 350/ 30-50 Denbe I -45 Stiff

UTsuguas,.gbe Tkuuwou a" 35tob~O% 5 +O Vry- owing 15-3 0 V-Slutf 9MOLE NO I

11401' preess - @&if plow

D3- 3



- Ameri~ca Drilling & Boring Co. Inc. SS SHEET a Cw 7.Ot

WTRSTREIT EAST PROVIDENCE. t 1. DT

PROAiC? NAME IUrINOFE
O~ftC*T SENT T0 P4-17N4UMELV
SAMP" S SENT To OUR__JOBNo

CAUN WATER O6SERVATCVS CASINOG SAMMILL CD STAC -Dr -eeo

At tww- "ws J~wCOMPLETE

SAt (0w_ -tw -WOLCNG Fac~eUm

LOCATION OF BORING _____ --

Cm-q SOPPIP6 TV,, aloww IV MISItU Si SOL IOCNTIICATION l ,T4 # SAMPLtE
sloiws Oetims @ Of nSafo 920i Remarbs onclude caio.q rodoe~l anp

toot 0-6 *6-Z ZIS consu,$ - -Lft 'em__ __ _ _ _ __ _ _ _ _. 2O*-l2l4 0 24 10 22 H~oist Irom fin Im tocarse SAND, I 8 W.

- - ___donee trace of fine to madium
- - - - -ravel. trace of silt.
- - - -Cobb les

- 15'1 -S a 16 -S a

- - A....IL .. L J do&"s

__________i 0 aw'..41we

145'-14V6' it. 12. __ 0 z i" z

___1___1 0 Il0 15 21 Mee. Brew fusocaseSN. wR

trc at silt

Zmduum4 Zwlci To ______- uED - *CASING: THEN________

5O"'OWe lyre 'Wee 'eft' USad 140m Wt. a 30" feil on 2"0 0. S.,aojtAMc ~
C:ory C-Coe W-wese wftw 0,0#0% WIIiSomEa Dowthy COaflwroCarfmienc Earms Se
UO kinesa Apts &"@ 100200/6 -oO L~ee 0-4 Soft 30 4 MOd ROOS COt09
TPI Tq"g A, AzAeoer Vvm~wT"# to- so k ~ s 00"0 4- --'tSmw

Ut~i.t~EThma wie 35t.50% 1.0+vwy oDnt 15-30 V-ShkI 0 OLE No I

W3-4



American Drilling & Boring Co., Inc. -S6- sHEET or 7.... _
VO WATIE STREIT EAST PROVIDENE. a I DATE

IADDRESS ILINE S5Th
PROJECT NdME _ _ _-- ILOCAION OFFSETr970-4'r SENT TO ..1Q0.jO .

SAMPLES SENT TO.-o JO 0tO 4-174 Sunf CLEV.
,, ," 04fe lime

G O WATER O6EAfWS CASING SALO"R CR 11m. am
START Vii

, ,,Type - COMPLETE -

S I.! O TOTAL MRS.
• Q 1 "- Wl 6 F.- R EM--. NAt Mai M Wt m - - -

LOCATION OF BORING- - , ....... . - .

C CAi, Soe-mpi' Type shove off 6 Idewu ro SOt IDENTIFICATION SAW-L
$Iowa Otolf's of an Soffloe, Densy Strata Remowk, w.clud@ CodWqgdateon, Type cf

par From- , Vt0 p1,e.y Ccsw sooo sc IrO.rocm,t , 0.oor, ho"--,o-

foot 0-6 6-121 12-1ie Conis__- -Ltt neis. Drd-Mq IN.SOOSoA 0elC Noft
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APPENDIX E

SITE SAFETY PLAN



WORK LOCATION PERSONNEL PROTECTION

AND SAFETY EVALUATION FORM

Attach Pertinent Documents/Data

Fill in Blanks As Appropriate

WO # __ 2_-_ _ _-_ _ Reviewed by ?_/6

Division /S30 Date / /fr'<'

office CAJC Approved by-

prepared by 6L =N $AAxt Date

Date

A. Work Location Description

1. Name OT7S &' . 'A-P /~?- d4SE 2. Location -

MA.

3. Type: HW Site ( v Industrial (1<

Spill ( o Construction ( )

( ) Existing WESTON Work Location

( ) Existing Client Work Location

Other (>) Describe 4m7oAj4L 04se- & :;eTlee,' (

!5 *WM PIEr 2ATE )6PO-V~- u -51sDILS

4. Status AMTV6

5. Anticipated activities: /kJ54, 4 j Aqjt &o4,Aj O=c

6., Size ? Ac

7. Surrounding Population

8. Buildings/Homes/Industry dS h ,,W p $4C?? .f,>A /C.'

a,,-.. A-i 6c,i,6,



9. Topography FT 7V 6,Wv7' _S7Oc-4'w FZ, 'gJb 57gAD

kenz -r gs

10. Anticipated Weather

11. Unusual Features MA/L r7 . IMJC,)6b.4

12. Site History AfA Q 'w..al,H- ' et- P, 'a~-yr- /A;t' to4iLA__ ,

/-o~ 40, woC) 9paop. n4r-3Aj )Z4' Al/ AlimJAL cd, ~

B. Hazard Description

1. Background Review: Complete (>) Partial

If partial, why?

2. Hazard Level: A ( ) B ( )

Unknown ( ) C ( ) D (><)

Justification P~v'uS oZ:)W50A W-zib 2SoA~&JfE. 1WP .eAe? 7 o -'-

3. Types of Hazards:

A. Chemical ( ) Inhalation (>( ) Explosive ( )

Biological ( ) Ingestion (<) 02 Def. ( )

Skin Contact( ) Toxic (K)

Describe ,9£ b,*Ptv >,o,,,AJ4 /L&' AJ4 L -

/AJ6 /Ab7PML uw4V tFb5Sv54LA 4f&A'46 :e K*?A:

B. Physical ( ) Cold Stress (X) Noise (X)

Heat Stress (,.>) Other ( )

E-2



Describe 7 ' -. ,, 
l

2o,, ;I~,. C . ,.,'., l 1, )..J ,( ,-- r~d, 7Y' ,

C. Radiation ( )

Describe

4. Nature of Hazards:

Air ( ) Describe

Soil &<) Describe p )e, , -

Surface, Water ( ) Describe

Groundwater (><J Describe ft ,

Other ( ) Describe

E-3
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7. Work Location Instrumenit Readings

Location____________

% 02 - __ _ _ _ _ _LEL

Radioactivity__________ PID__________

FID _____________Other_ _______

Other______________ Other_________

Location_____________

% 02_________ % LEL______

Radioactivity_________ PID_________

FID_______________ Other_________

Other______________ Other_________

Location_____________

% 02 %LEL______

Radioactivity_________ PID__________

FID______________ Other________

Other____________ Other_________

Location_____________

% 02_______ _ %LEL______

Radioactivity_________ PID__________

FID______________ Other________

Other_____________ Other________

8. Hazards expected in preparation for work assignment.

Describe: A1Zb55,&, SPVit.)L-2) 4r-c

E- 6



-ersonnel Protective Equipment

- -. Level of Protection

A () B C ) C ( ) D C><4 Location/Activity:

A ( ) B ( ) C ( ) D ( ) Location/Activity:

.---- 2. Protective Equipment (specify probable quantity required)

Respiratory Clothing

( ) SCBA, Airline C ) Fully Encapsulating Suit

(< Full Face Respirator () Chemically Resistant
(Cart. AC-H ) Splash Suit

( ) Apron, Specify

) Escape Mask &c< Tyvek Coverall

( ) Saranex Coverall

( ) None ( ) Coverall, Specify

( )Other_( ) Other

( ) Other__ ) Other

Head & Eye Hand Protection

( Hard Hat ( ) Undergloves
Type

(> Goggles t Gloves A0 w _

Type

( ) Face Shield ( ) Overgloves

Type

( ) Chemical Eyeglasses C ) None

( ) None

( ) Other_( ) Other

E-7



Foot Protection

( ( Safety Boots

( ) Disposable Overboots

( ) Other___

3. Monitoring Equipment

CGI X PID

( ) 02 Meter ( ) FID

( ) Rad Survey ( ) Other

( ) Detector Tubes

Type:_( ) Other

D. personnel Decontamination (Attach Diagram)

Required ( ) Not Required (>)

Equipment Decontamination

Required ( ) Not Required (> )

If i-equired, describe and list equipment (gtzy e?6t/ze) ,c _

":bp- 6z ~.06C C: ?VYIE Q0_ AJ lf , . ,

E- 8



E. Personnel

WORK LOCATION WEDICAL FIT TEST

NAME TITLE/TASK CURRENT CURRENT

3. Ro (o) ()
5. c ' '-, ( )<" (2<)

5. ( ) ( )
6. )( )

7.( (

8. ( ) C )

9. C ) ( )

10. ( ) (

Site Safety Co-ordinator 661'7vAlLt

E-9
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H. Continqencv Contacts

Agency Contact Phone Number

Fire Department re BOW4_1 _ -_ 7_

Police Department 014 kd (,irnt ___0

Health Department _ _ _ A _

Poison Control Center /_ o- -921

State Environmental
Agency ' ______

EPA-Regional Office _IA

EPA-ERT. ICOM -4A

Spill Contractor Al/A

State Police (cb1_ _ _ _ 755-?.4'

F.A.A. 444~ (1i -_____

Civil Defense AI/A "

On Site Coordinator ___ __ _-

Site Telephone __ _ _

Nearest Telephone Av-fuAi"qw rz'(d*,7- A3_.
(Location)

Other

I. Contingency Plans

Spill, Accidental Release; Describe kj//

Fire Explosion; Describe N//n

Other; Describe ____ _

Exit Routes, Communication Systems; Describe' t'iA

E-12



MEDICAL EMERGENCY

Name of Hospital lf c4 , /4ccv/

Address: e 1,d tf ? ,'L Phone No. -'- O

Name of Contact

Address: Phone No.

Route to Hospital: (Attach Map) / lc' -

Travel Time Distance to
From Site (Minutes) 20 w. Hospital (Miles) -

Name/Number of 24 Hr. Ambulance Service P~jsd 5  C?

E-13



APPENDIX F

.SAMPLE CHAIN-OF-CUSTODY RECORDS
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WESTON ANALYTICAL LABOPATOTIES

SAMPLE HANDLING SAFETY INFOR-LATION

(samples will not be processed unless item 7 - B is signed)

CUENT NAME. tk,"F 2. SAMPLING PERSONNEL

W.O. No- ('6 , &.t oZ .,7j S 4i- f2g- --,(

Location (Site) (C-y/Sate): Date Sampled. / 3
D Dl

Project Manager. Ext

f-C4) ~rtr O - 4 C:

Phone:(
Contact

SPECIAL HANDUNG 4. SUSPECTED HAZARDOUS COI'.ONENTS:

What Safety Pre:autions Were Taken D.ring Sampling? (Not a Parameter Lst)

A. Personal Pr::ective Equipment Used " CL.2.,,Cjz5 -

Suspected Levels:

B. Otehr Low

Medium

Have The Exe..r of the.Sample Bottles High
Been Decontar..;ated? Y / N

SAMPLE MATR:.: 6. LIST ONLY SAMPLES WHICH FERTAIN TO iHE
INFORMATION USTED IN ITEU 4.

SOIL A WATER Sample No. Sample No. Sample No.

___________GAS _OTHER . I

7. A. REUNOUIS-E21D BY:

B. RECEIVED EY.

Date.

am
Time pm

F-4
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Roy F Weston In(:
2 Chenel Drive
Concor. NH 03301

inter-office memorandam
TO: Project File DATE: 4 September 1985

FROM: Glenn Smart. -

SUBJECT: Chain of Custody form for test pit sampl ing W.O.No.: 0628-05-28
on 10/2/1984

On 10/2/84, WESTON personnel collected soil samples from te~t pits 6a, 7a, and
8a at the so-called "AVGAS Dump Site" at Otis Air National Gaard Base, Massachusetts.
The samples were sent to the WESTON laboratory in West Chester, Pennsylvannia with
other samples collected elsewhere on the base. The accompanying chain of custody
form listed the parameters that the samples were to be analyzed for (phenol, lead,
and hydrocarbons by GC scan), but the test pit identification numbers were inadvert-
antly omitted. Information in the field logbook indicates that sample 6a was
taken at 1135 at approximately five feet below ground level, sample 7a was taken
at 1148 from between 1-3 feet below ground surface and test pit 8a was sampled
at approximately two feet below ground surface.

.F-5
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BY P - DATE_ DIV /s 3W,1 SHEET f OF L

ChKD BY - DATE DEPT_ W.O. NO. 0

PROJECT Q/-7S ,Q' ,,'AP 6"-*.'A .A/,-_14

SUBJECT A'4LyrYr4L P " JC_. L_ '0tE k/,',

ci.i
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cH4II. or CUSTDDY WORtD

Shipper Name: Sl~I l1~j~,
Imdess: 7 U!A~Ed I. state

Numbrpr Street' /33t1Zi

Collector's Namae: Tecp I )J'r~. 7lphone L 7Z3)

A~ddress Of Collectljcrn: ~/ A4>3 iA'5

Collector Date Tine ColcinAaye
sample of of Coction Realese
Number- Collection collection Loato Ieuse

OTr 5

Samaple Recever:

2.

3.

tha;,, of Possession:

fl Us Itas

- ncl a Dal1-es

InclusiveDae
Signature Title inclusive Date&

F-10



CU T _ _ _ _ _ _ _ _ _ _ _ _ _ _ __PR IOR I TY.'HAZAfRD _ _ _ _ _ _ _ _ _ _

wO,'PO= _- __ _ -__,__'-"__.___SUBMITTED BY L -

DATE RECEIVED MISC;

RFW# SAMPLE DESCRIPTION DATE COLLECTED PA PA PA PA PA PA PA
,. 77 T@ _ __

_ _ _ _-, -. _ _ ,, _ _, - -, _

2. ,-"2/,).,_'_,I1 ,

2 2/wy I/. (7 \ ,

, I 9 , i

8- , .- - I i __ K i~ __ __

3. t

10. '>1 ' 7__- _ - -'• r,-._ _

_.L /, _ _ _ _ _ _ -- _-_ ,_ _

12. I___ _
.. '.- -- 1_.i,_.._,...

"7- __ , . _ ___

.3.___""_ I I
15" I _ _ __ _ _ _ _ __1

1 7 . 1 6

s8. " 4 g4 .L__

19.__ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ _

20. -

21.

22.

23.

24.

25. F-11
imlnn Inmnnnnu manannu u 'f' w -- li



BY L . DATE .2kY DIV SHEET-O
CHKD BY ___DATE____ DEPT_____ W.O. NO.
PROJECT (3r/5
SUBJECT tQ D _-_ 5:;&4;k-- 017r
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b RSONiA T

inter-office memorandum
TO: Richard Kraybill DATE: September 4, 1985

FROM: Victoria K. Dondero

SUBJECT: OTIS 8402-822 SAMPLES W. 0. No.:

Due to the lack of a log-in sheet or computer record of these samples, it is resolved

that these samples had been received prior to 27 February 1984. It can be documented

that this date is when Oil & Grease analyses were begun.

VKD/eb

RFW: 2-74-39 F-13



OFCVtTDY~ F.-.CD.D

Shipper N~ame: 0707V-o ~ --r

Address: °C/lne(/ r M4
Number Street City State Zip

Collector's N'ame: . - y ,/ Telephone 133 L-2~ /Y
Address of Collection: '/s , -IS _ _ _ _ _

Collector Date- T+Te

Sample of of Collection Analyses

Number Collection Collection Location Requested

l ~~ z .. Z _ ,s 3 '

7 7~5
//- / >C,-. 4/,h.- - )

/I -" , i6 .2

Sample Receiver:

1.

Name and address of orcanization receiving sample

2.

3.
14.

Chain of Possess;r
,. . ,L , _ _ _ _ _-e_. , I

2. M aukTteIcuietke
Signature Title Inclusive Dates

Signature Title Inclusive Dates

Signature Title Inclusive Dates

F-14



~Choklh Or CUJS70I F.ECC'.'-,D

Shipper N~ame: e ,-.7 Tr1-F J _

Address: ZA- A-h o03t3-t I
Nunber Street -tity State Zip

Collector's Name: A<7. L. -o Telephone 6' .Z& /3

Address of Collection: 07LS ,4 F'3 4?7

Collector Date - Time

Sample of -f Col 1 ect ion Analyses

Number Collection Collection Location Requested

12.- - Y."

/3- / 0//olh P,/"
"-7

Sample. Receiver:

1.

Name and address of organization receiving sample

2.

3.
4.

Chain f session:

2. Si g. ,ure T itle I Inclus,.e bates

Signature Title Inclusive Dates
3.

Signature Title Inclusive Dates

Signature litle Inclusive Dates
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tCiAt OFF CUSTODY F.ECODF-D

Shipper N~ame:_ . F - &,iZV1 iX2:,-
Address:-1- CA 4-7 // Cdy, CvcrL AJ4' C3k

Wumber Street City 'State Zip

Collector's N~ame: k7. Telephone 13-

Address of Collection: -(77$ 49'/p /Z. L

Collector Date Time
Sample ofColecton Anayses

Number Col lect ion Collection Location Requested

Sample Receiver:

1.

Name and address of organization receiving sample

2.

3.

Chain of Possession: 
14 Ic 2

2. ___ ___ ___ __ IIitI/ lt - " I InclusiLe Dates

Signature Title Inclusive Dates
3.

Signature Title Inclusive Dates

Signature Title Inclusive Dates

F-16



"c'Ll EN PRIORITY/HAZARD

wO#/Po - - SUBMITTED BY/ / ,"L.i (

DATE REC IVED ____________MISC. (

RFW# SAMPLE DESCRIPTION DATE COLLECTED PA PA PA PA PA PA PA

7W - -4

-rp /- - - - -

16.

8. m

'9.-

• oz p- m

16.

74.

• , .FF-17



-~Date/ Date Date
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I2Date/ Date Date
RFW #Client -Sample Description/ I.D. C 2 Logged by. Camp. Disc.

ZA_ E/ -igLw
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APPENDIX G

LABORATORY ANALYTICAL METHODS



a -

Table G-1

Analytical Methods and Required Detection Linuts

Contract

Analytes Level of Detection Required Method

Total Organic Carton (TOC) 1 mg/L EPA 415.1

Total Organic Halogens (TOX) 5 uf/L (w); 5 ug/g (s) EPA 9020

Oil and Grease by Infrared 0.1 mg/L (w); 100 ug/g (s) EPA 413.2
Method (O&G)

Cyanide (Cn) 10 ug/L EPA 335.2

Phenols 1 ug/L (w); 1 ug/g (s) EPA 420.1

Polychlorinated Biphenyls (PCB) 0.25 ug/L EPA 608

Iron (total dissolved) (Fe) 100 ug/L EPA 200.7

Copper (Cu) 50 ug/L EPA 200.7

Cadmium 10 ug/L EPA 213.2

Chromium (Cr) 50 ug/L EPA 200.7

Lead (Pb) 20 ug/L (w); 2 ug/ (s) EPA 239.2

Arsenic (As) 10 ug/L EPA 206.2

Nickel (Ni) 100 ug/L EPA 200.7

Endrin 0.02 ug/L SM 509A

Lindant 0.01 ug/L SM 509A

Methoxychlor 0.2 ug/L SM 509A

Toxaphene 1.0 ug/L SM 509A

2,4-D 0.06 ug/L SM 509B

2,4,5-TP Silvex 0.02 ug/L SM 509B

Xylene 1 ug/L EPA 624

Methyl isobutyl ketone (MIBK) 1 ug/L EPA 624

Methyl ethyl ketone (MEK) 1 ug'L EPA 624

Sulfate 1 ug 'L EPA 300.0

Chloride 1 ug/L EPA 300.0

Hardness -- EPA 130.2

Infrared Scan (IR scan) -- EPA 418.1

Ammonia as Nitrogen -- EPA 350.3

Hydrocarbon GC Scan -- (see description in Apr. G)

Total Kjeldahl Nitrogen -- EPA 351.4

Nitrate as Nitrogen -- EPA 300.0

Volatile Organic Compounds (VOA) (1) EPA 601/602

Base/Neutrals and Acids (2) EPA 625

(w) - water

(S) - soil

(1) - Detection levels for volatile aromatics and volatile halocarbons shall be as specified in
SPA Methods

(2) - Detection levels for base'neutrals and acids shall be as specified in EPA Method 625.

G-1



inter-office memorandum
TO: Judith Porta DATE: 28 January 1985

FROM: Carter Nulton LA

SUBJECT: OTIS AFB SAMPLES W. 0. No.:
RFW#'s 8412-992-0010 - 0070
(CLIENT I.D. S-I to S-7)

Sample 0010 was extracted with hexane and analyzed by capillary column
GC/FID (30 meter DB-5); samples 0020 - 0070 were diluted 1:100 in hexane
and analyzed using the same conditions. The resulting GC profiles of
0010 and 0020 were compared to those obtained from the pure products
and the following observations are made:

1. 0010 - is similar to 0050 (see Fig. 1) except that the
"high ends" (peaks at retention times 61.34, 63.59,
69.67, 77.29 and 84.16 on Fig. 1-4) in 0010 are of
lower concentration than in 0050. The concentration
of 0010 calculated on the basis of selected lower
molecular weight peaks (A-E on Fig. 1) is 480 mg/L.
If the "high ends" are used, the concentration is 20 m;/L.

2. 0020 - is similar to 0050 (see Fig. 2) except that the
lower molecular weight peaks (those eluting between the
solvent and 50 minutes) are gone.

Sample 0020 is completely miscible in hexane.

CN:bwm

G-2



Fig. 1A - Sample 0010

"low ends" "high ends"

K tK

Fig. 1B -Sample 0050
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Fig. 2A - Sample 0020

"high ends"
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OIL AND GREASE METHOD

The method used by the WESTON Laboratory for U.S. Air Force
contract analyses through 13 September 1985 is described in
the following pages.
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Scope

This method is applicable to the determination of oil and
grease in water samples.

Summary of Method

Oil and grease is extracted from water with 1,1,2-tri-
chloro-l,2,2-trifluovethane. The extract is analyzed by
infrared at 2930 cm

Apparatus

1. Infrared spectrophotometer

2. 50 mm liquid IR cell

3. Magnetic Stirrer

4. 25 ml pipet

Reagents

1. l,l,2-trichloro-l,2,2-trifluoroethane (freon)

2. Paraffin oil, NF

Procedure

1. 25 ml of l,l,2-trichloro-l,2,2-trifluoroethane are
added directly to the 1 liter sample container
with a teflon-coated magnetic stirring bar.

2. The mixture is stirred at least one hour.

3. The mixture is allowed to settle, and the freon is
withdrawn with a pipet.

4. The freon is placed in the IR cell and the
absorbance is read.
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Calibration

1. Prepare calibration standards from 4 to 40 mg/l by
weighing paraffin oil into freon.

2. Obtain absorbances at 2930 cm-I  for each of the
calibration standards.

3. Plot absorbances vs. concentration.

Calculations

1. Determine the extract concentrations directly from
the calibration curve.

2. Calculate sample concentrations from:

conc. (mg/l) =A B

C

where:

A = Concentration of extract determined from
calibration curve, in mg/l

B = ml of freon used to extract

C = Volume of water sample extracted, in ml
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8. Appendices A. B. and C are added to primary column. Method 824 provides gas tubing. non-Teflon thread sealants. or flow
Part 138 to read as follows: chromatograph/ mass spectrometer (GC/MS) controllers with rubber components in the

APPNDI A O PRT 36-ETHDS conditions appropriate for the qualitative and purge and trap system should be avoided.
FORENORGAI TO P A ANALYSIHOS OF quantitative confirmation of results for most 3.2 Samples can be contaminated by
MORNRGC IC EAL ANALSISTROA of the parameters listed above, diffusion of volatile organics (particularly
WASTCEWATERDIDUTRA 1.3 The method detection limit (MDL fluorocarbons and methylene chloride)WASEWAER.defined in Section 12.1) 1 for each parameter through the septum seal into the sample
Method 601-Purgeable Italocarbona is listed in Table 1. The MDL for a specific during shipment and storage. A field reager-wastewater may differ from those listed. blnpraedforaetwtrad

coeadppcaondepending upon the nature of interferences in cared through thesapigndhdlg
1.1 This method covers the dletermination the sample matrix, rt ca n sevasamplingand suhnln

of .'9 purgeable halocarbons. 1.4 Any modification of this method, prontocansrvtaiacecno.scThe following parameters may be beyond those expressly permitted, shall be cnaiain
determined by this method: considered as a major modification subject to 33Cotmninbycr-veca

_________________ -. application and approval of alternate test occur whenever high level and low level
Pow"~r -..E CA f procedures under 40 CFR 136.4 and 13&.5. Sample. are sequentially analyzed. To reduce

_______________ _____M 2.5 This method is restricted to use by or carry-over, the purging device and sample

.oot. 2.01.5-27- under the supervision of analysts syringe must be rinsed with reagent water
Ekon tv ........ ....... ... ... 32104 75-25-2 experienced in the operation of a purge and between sample analyses. Whenever an
Brornon'.sernns ... . ... ....... 34413 741- trap system and a gas chromatograph and in unusually concentrated sample is
cQ~nt~eno d 32f02 5s-23-5 the interpretation of gas chromatograms. encountered. it should be followed by an

34 10"-0-1 ahaaytms eosrt h blt o aayi fraetwtrt hc o rs~~~~ 0~~3131 . ahaayt5utdmntrt-h0b0-yt3nlsi fraet ae ocec o rc
2-CVio@&%siy W 7:-:.:: 345761 100-75-4 generate acceptable results with this method contamination. For samples containing lae
ciaorfom. ......................_ 32106 1 87-63 using the procedure described in Section 8.2 amounts of water-soluble materials.Chiornaum ........... ........... 344,S 7"-7-3 suspended solids, high boiling compounds ar

00101frn~~ .... ... 32105 124-46-1 2. Summary of Methodhihognaidlelsitmybnesar
3453 951 2.1 An inert gas is bubbled through a 5- ows u teprigdeiewt

i.4~ertomn. 34571 i06-46s-7 mL water sample contained in a specially- detergent solution, rinse it with distilled
O~wlwdhnoe~'e ..... j34M, 7S.71-8 designed purging chamber at ambient .water and then dry it in a 105'C oven

1 .0itarcosewa.-... ..... 34461 75-31 temperature. The halocarbons are efficiently btenaaye.Teta n te at
1.24OCoregte 345..............I 107-05-2 btenaaye.Teta n te at
1. 1 ooaoltano .......... ... 3450 IS3. transferred from the aqueous phase to the of the system are also subject to

frorts12oooltenO ........ 3454 156-6o-5 vapor phase. The vapor is swept through a cnaiain hrfrfeun aeu
i.24>lletoooproperve....... 34541 7"7- sorbent trap where the halocarbons are caprinatiof: therentire. sysutema beo
owl.34Nclloropropen. ... ... ........ 34704 os'-.1-5 isrhaed Ande purging is completed. the trap anpuggoftenirsyem ayb

Mseyfiedlotoe ~ 3V 23 75-09-2 ihetdadbackflushed with the inert gas reued
1.1.2-~adwoseUe.. . tsi 79-3"- to desorb the halocarbons onto a gas 4. Safety

34475 127-19-4 chromatographic column. The gasto 41 .etxityrcacnguitoee1. 1. 1 TidorooVum 34506 71-o. 4. .loiiyrc ..o iyl
1,l.2.Trl7wosdwts. regn us chingrp isi tempeatur programmede

To.o.Vnfn ........... 39180 79.0w-S separate the halocarbons which are then raetue nti ehdhsntbeTanuoluc06artomwn.... 34498 75-69-4 detected woith a halide-specific detector. L precisely defined; however, each chemical
Vtl 39716 7S-01-4 .2Temtoprvdsaotinlgs compound should be treated as a potential

______________ -chromatographic column that may be helpful health hazard. From this viewpoint. exposum-

1.2 This is a purge and trap gas in resolving the compounds of interest from to these chemiicals must be reduced to the
chomtgrpic(Q eto apicbe o interferences that may occur. lowest possible level by whatever means

chroatorupic CC)methd apliabl toavailable. The laboratory is responsible for
the determination of the compounds listed 3 nefrre anann urn wrns ieoabove in municipal anid industrial discharges Inefrcsmatiigacuetaweesfieo
as provided under 40 CFR 136.1. When thisa 3.1 Impurities in the puige gas and OSHA regulations regarding the safe
method is used to an slyze unfamiliar samples organic compounds outgassing from the handling of the chemicals specified in this
for any or all of the compounds above, plumbing ahead of the trap account for the method. A reference file of material date
compound identifications should be majority of contamination problems. The handling sheets should also be made
supported by at least one additional analytical system must be demonstrated to available to all personnel involved in the
qualitative techniqun. This method describes be free from contamination under the chemical analysis. Additional references to
analytical conditions for a second gas conditions of the analysis by running laboratory safety are available and have
chromatographic column that can be used to laboratory reagent blanks as described in been tdentified #4for the information of the
confirm measurements made with the Section 4.1a3 The use of non-Teflon plastic analyst.
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4.2 The following parameters covered by equivalent. This column was used to develop when the analyst handles high concentrations
this method have been tentatively classified the method performance statements in of such materials.
as known or suspected. human or mammalian Section 12. Guidelines for the use of alternate 6.5.1 Place about 9.8 mL of methanol into
carcinogens: carbon tetrachloride. column packings are provided in Section 10.1. a 10-mL ground glass stoppered volumetinc
chloroform. 1.4-dichlorobenzene. and vinyl 5.3.2 Column 2-6 ft long x 0.1 in. ID flask. Allow the flask to stand. unstoppered.
chloride. Primary standards of these toxic stainless steel or glass. packed with for about 10 min or until all alcohol wetted
compounds should be prepared in a hood. A chemically bonded n-octane on Porasil-C surfaces have dried. Weigh the flask to the
NIOSH/MESA approved toxic gas respirator (100/120 mesh) or equivalent, nearest 0.1 mg.
should be worn when the analyst handles 5.3.3 Detector-Electrolytic conductivity 6.5.2 Add the assayed reference material:
high concentrations of these toxic compounds or microcoulometric detector. These types of 6.5.2.1 Liquid-Using a 100 gL syringe.
5. Apparatus andMaterials detectors have proven effective in the immediately add two or more drops ofanalysis of wastewaters for the parameters assayed reference material to the flask. then

5.1 Sampling equipment. for discrete listed in the scope (Section 1, 1. The reweigh. Be sure that the drops fall directly
sampling, electrolytic conductivity detector was used to into the alcohol without contacting the neck

5.1.1 Vial-Z-mL capacity or larger, develop the method performance statements of the flask.
equipped with a screw cap with a hole in the in Section 12. Guidelines for the use of 6.5.2.2 Gases-To prepare standards for
center (Pierce =13075 or equivalent). alternate detectors are provided in Section any of the six halocarbons that boil below 30
Detergent wash, rinse with tap and distilled 10.1. ' C [bromomethane. chloroethane,water, and dry at 105 "C before use. 5.4 Syringes-5-mL glass hypodermic with chloromethane, dichorodifluoromethane.

5.1.2 Septum-Teflon-faced silicone Luerlok tip (two each). if applicable to the
(Pierce =12722 or equivalent). Detergent purging device. valvetht vinyl wi fe
wash. rinse with tap and distilled water, and 5.5 Micro syringes-25-4L. 0.006 in. ID 5-rnL valved gas-ight syringe with the

dry t 15 - fo I befre se.neele.reference standard to the 5.0-mL mark. Lowerdry at 105 "C for I h before use, needle. h edet maoetemtao
5.2 Purge and trap system-The purge and 5.6 Syringe valve--2-way, with Luer ends the needle to 5 mm above the methanol

trap system consists of three separate pieces (three each). meniscus. Slowly introduce the reference
of equipment: a purging device, trap. and 5.7 Syringe-5-mL gas-tight with shut-off heavy gas will rapidly dissolve into the
desorber. Several complete systems are now valve.
commercially available. 5.8 Bottle-15-mL screw-cap. with Teflon methanol).5.2.1 The purging device must be designed cap liner. 6.5.3 Reweigh. dilute to volume, stopper.

to accept 5-mL samples with a water column 5.9 Balance-Analytical. capable of then mix by inverting the flask several times.
at least 3 cm deep. The gaseous head space accurately weighing 0.0001 g. Calculate the concentratio n cog/L from
between the water column and the trap must the net gain in weight. When compound
have a total volume of less than 15 mL The 6. Reagents purity is assayed to be 96% or greater. the
purge gas must pass through the water 6.1 Reagent water-Reagent water is weight can be used without correction to
column as finely divided bubbles with a defined as a water in which an interferent is calculate the concentration of the stock
diameter of less than 3 mm at the origin. The not observed at the MDL of the parameters of standard. Commercially prepared stock
purge gas must be introduced no more than 5 interest, standards can be used at any concentration if
mm from the base of the water column. The 6.1.1 Reagent water can ge generated by they are certified by the manufacturer or by
purging device illustrated in Figure 1 meets passing tap water through a carbon filter bed an independent source.
these design criteria, containing about 1 lb c! activated carbon 6.5.4 Transfer the stock standard solution

5.2.2 The trap must be at least 25 cm long (Filtrasorb-300. Calgon Corp.. or equivalent), into a Teflon-sealed screw-cap bottle. Store.
and have an inside diameter of at least 0.105 6.1.2 A water purification system with minimal headspace. at - 10 to - 20 'C
in. The trap must be packed to contain the (Millipore Super-Q or equivalent) may be and protect from light.
following minimum lengths of adsorbents: 1.0 used to generate reagent water. 6.5.5 Prepare fresh standards weekly for
cm of methyl silicone coated packing (Section 6.1.3 Reagent water may also be prepared the six gases and 2-chloroethylvinyl ether. All
6.3.31. 7.7 cm of 2.6-diphenylene oxide by boiling water for 15 min. Subsequently. other standards must be replaced after one
polymer (Section 6.3.2). 7.7 cm of silica gel while maintaining the temperature at go 'C. month, or sooner if comparison with check
(Section 6.3.4). 7.7 cm of coconut charcoal bubble a contaminant-free inert gas through standards indicates a problem.
(Section 6.3.1). If it is not necessary to the water for 1 h. While still hot. transfer the 6.6 Secondary dilution standards-Using
analyze for dichlorodifluoromethane. the water to a narrow mouth screw-cap bottle stock standard solutions, prepare secondary
charcoal can be eliminated, and the polymer and seal with a Teflon-lined septum and cap. dilution standards in methanol that contain
section lengthened to 15 cm. The minimum 6.2 Sodium thiosulfate-(ACS) Granular. the compounds of interest, either singly or
specifications for the trap are illustrated in 6.3 Trap Materials: mixed together. The secondary dilution
Figure 2. 6.3.1 Coconut charcoal--6/10 mesh sieved standards should be prepared at

5.2.3 The desorber mus* 'e capable of to 26 mesh. Barnebey Cheney. CA-580-26 lot concentrations such that the aqueous
rapidly heating the trap to 180 'C. The = M-2649 or equivalent. calibration standards prepared in Sections
polymer section of the trap should not be 6.3.2 2.6-Diphenylene oxide polymer- 7.3.1 or 7.4.1 wil; bracket the working range of
heated higher than 180 "C and the remaining Tenax. (60/80 mesh). chromatographic grade the analytical system. Secondary dilution
sections should not exceed 200 'C. The or equivalent, standards should be stored with minimal
desorber illustrated in Figure 2 meets these 6.3.3 Methyl silicone packing-3% OV-1 headspace and should be checked frequently
design criteria, on Chromosorb-W (60/80 mesh) or for signs of degradation or evaporation.

5.2.4 The purge and trap system may be equivalent, especially just prior to prepanng calibration
assembled as a separate unit or be coupled to 6.3.4 Silica gel-35/60 mesh. Davison. standards from them.
a gas chromatograph as illustrato-d in Figures grade-IS or equivalent. 6.7 Quality control check sample
3 and 4. 6.4 Methanol-Pesticide quality or concentrate-See Section 8.2.1.

5.3 Gas chromatograph-An analytical equivalent.
system complete with a temperature 6.5 Stock standard solutions-Stock 7. Calibration
programmable gas chromatograph suitable standard solutions may be prepared from 7.1 Asemble a purge and trap system
for on-column injection and all required pure standard materials or purchased as that meets the specifications in Section 5.2.
accessories including syringes, analytical certified solutions. Prepare stock standard Condition the trap overnight at 180 "C by
columns. gases. detector. and strip-chart solutions in methanol using assayed liquids backflushing with an inert gas flow of at least
recorder. A data system is recommended for or gases as appropriate. Because of the 20 mL/min. Condition the trap for 10 min
measuring-peak areas. toxicity of some of the organohalides. once daily prior to use.

5.3.1 Column 1-8 ft long x 0.1 in. ID primary dilutions of these materials should 7.2 Connect the purge and trap system to
stainless steel or glass. packed with 1% SP- be prepared in a hood. A NIOSH/MESA a gas chromatograph. The gas chromatograph
1000 on Carbopack B (60/80 mesh) or approved toxic gas respirator should be used must be operated using temperature and flow
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rate conditions equivalent to those given in (A.}{Cl) modification is made to the method, the
Table 1. Calibrate the purge and trap-gas RF= analyst is required to repeat the procedure in
chromatographic system using either the (A,)(C.l Section 8.2.
external standard technique (Section 7.3) or 8.1.3 Each day. the analyst must analyze a
the internal standard technique (Section 7.41. reagent water blank to demonstrate that

7.3 External standard calibration where: interferences from the analytical system are
procedure- A.- Response for the parameter to be under control.

7.3.1 Prepare calibration standards at a imeasured. 8.1.4 The laboratory must. on an ongoing
miminum of three concentration levels for Aj.,-Response for the internal standard. basis. apike and anblyze a mirinmum of iO, of
each parameter by carefully adding 20.0 ILL of C.=Concentration of the internal all samples to monitor and evaluate
one or more secondary dilution standards to standard. laboratory data quality. This procedure is
100. 500. or 1000 mL of reagent water. A 25-;L C.=Concentration of the parameter to be described in Section 8.3.
syringe with a 0.006 in. ID needle should be measured. 8.1.5 The laboratory must. on an ongoing
used for this operation. One of the external If the RF value over the working range is a basis, demonstrate through the analyses of
standards should be at a concentration near, constant (<10% RSD). the RF can be quality control check standards that the
but above, the MDL (Table 1) and the otler assumed to be invariant and the average RF operation of the measurement system is in
concentrations should correspond to the can be used for calculations. Alternatively. control. This procedure is described in
expected range of concentrations found in the results can be used to plot a calibration Section 8.4. The frequency of the check
real samples or should define the workirg. curve of response ratios. AJA,,. vs. RF. standard analyses is equivalent to 10% of all
range of the detector. These aqueous 7.5 The working calibration curve. samples analyzed but may be reduced if
standards can be stored up to 24 h. if held in calibration factor, or RF must be verified on spike recoveries from samples (Section 8.3)
sealed vials with zero headspace as each working day by the measurement of a meet all specified quality control criteria.
described in Section 9.2. If not so stored, they QC check sample. 8.1.6 The laboratory must maintain
must be discarded after I h. 7.5.1 Prepare the QC check sample as performance records to document the quality

7.3.2 Analyze each calibration standard described in Section 8.2.2. of data that is generated. This procedure is
according to Section 10, and tabulate peak 7.5.2 Analyze the QC check sample described in Section 8.5.
height or area responses versus the according to Section 10. 8.2 To establish the ability to generate
concentration in the standard. The results 7.5.3 For each parameter. compare the acceptable accuracy and precision, the
can be used to prepare a calibration curve for response (Q) with the corresponding analyst must perform the following
each compound. Alternatively. if the ratio of calibration acceptance criteria found in Table operations.
response to concentration (calibration factor) . Ithe responses for all parameters of 8.21 A quality control (QC check sampie
is a constant over the working range (<10% interest fall within the designated ranges, concentrate is required contaizang each
relative standard deviation. RSD). linearity analysis of actual samples can begin. If any parameter of interest at a concentration of 10
through the origin can be assumed and the individual Q falls outside the range. proceed gg/mL in methanol. The QC check sample
average ratio or calibration factor can be accord to Section 7.5.4. concentrate must be obtained from the U.S.
used in place of a calibration curve. Note: The large number of parameters in Environmental Protection Agency.

7.4 Internal standard calibration Table 2 present a spibstantial probability that Environmental Monitoring and Support
procedure-To use this approach, the analyst one or more will not meet the calibration Laboratory in Cincinnati. Ohio. if available. U
must select one or more internal standards acceptance criteria when all parameters are not available from that source, the QC check
that are similar in analytical behavior to the analyzed. sample concentrate must be obtained from
compounds of interest. The analyst must 7.5.4 Repeat the test only for those another external source. If not available from
further demonstrate that the measurement of parameters that failed to meet the calibration either source above, the QC check sample
the internal standard is not affected by acceptance criteria. If the response for a concentrate must be prepared by the
method or matrix interferences. Because of parameter does not fall within the range in laboratory using stock standards prepared
these limitations, no internal standard can be this second test. a new calibration curve, independently from those used for
suggested that is applicable to all samples, calibration factor, or RF must be prepared for calibration.
The compounds recommended for use as that parameter according to Section 7.3 or 7.4. 82.2 Prepare a QC check sample to
surrogate spikes in Section 8.7 have been 8 Quality Control contain 20 pg/L of each parameter by adding
used successfully as internal standards. 8.1 Each laboratory that uses this method 200 L of QC check sample concentrate to
because of their generally unique retention is required to operate a formal quality control 100 mL of reagent water.
times. program. The minimum requirements of this 8.2.3 Analyze four 5-m. aliquots of the

7.4.1 Prepare calibration standards at a program consist of an initial demonstration of well-mixed QC check sample according to
minimum of three concentration levels for laboratory capability and an ongoing Section 10.
each parameter of interest as described in analysis of spiked samples to evaluate and .24 Calculate the average recovery (3t)
Section 7.3.1. document data quality. The laboratory must in 8.2/L and the standard deviation of theSeto ... maintain records to document the quality of in gI a dth sa drd ev ton fte

7.4.2 Prepare a spiking solution containing m that is generated. ogoingedata quality recovery Is) in ug/L for each parameter of
each of the internal standards using the data atenerated Ongoing ataqshed y interest using the four results.checks are compared with establishedompare and
procedures described in Sections 6.5 and 6.8. performance criteria to determine if the with the corresponding acceptance criteria
It is recommended that the secondary results of analyses meet the performance wit tecorrespand accepectieria
dilution standard be prepared at a characteristics of the method. When results for precision and accuracy. respectively.
concentration of 15 g/mL of each internal of sample spikes indicate atypical method found in Table 2. Ifs and X for all parameters
standard compound. The addition of 10 pL of performance. a quality control check of interest meet the acceptance criteria, the
this standard to 5.0 mL of sample or standard must be analyzed to confirm that system performance is acceptable and
calibration standard would be equivalent to the measurements were performed in an in- analysis of actual samples can begim. If any
30 g/L control mode of operation. individual s exceeds the precision limit w

7.4.3 Analyze each caliaration standard 8.1.1 The analyst must make an initial, any individual X falls outside the range for
according to Section 10. adding 10 .LL of one-time, demonstration of the ability to accuracy, then the system performance is
internal standard spiking solution directly to generate acceptable accuracy and precision unacceptable for that parameter.
the syringe (Section 10.4). Tabulate peak with this method. This ability is established Note:. The large number of parameters in
height or area responses against as described in Section &Z Table 2 present a substantial probability that
concentration for each compound and 8.1.2 In recognition of advances that are one or more will fail at least one of the
inteinal standard, and calculate response occurring in chromatography, the analyst is acceptance criteria when all parameters are
factors (RW for each compound using permitted certain options (detailed in Section analyzed.
Equation 1. 10.1) to improve the separations or lower the 8.2.6 When one or more of the parameter

Equation 1. cost of measurements. Each time such a tested fail at least one of the acceptance
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criteria, the analyst must proceed according standard containing each parameter that effectiveness of the method in dealing with
to Section 8.2.8.1 or 8.2.8.2. failed the criteria must be analyzed as each sample matrix by spiking each sample.

8.2.8.1 Locate and correct the source of described in Section 8.4. standard, and reagent water blank with
the problem and repeat the test for all 8.4 If any parameter fails the acceptance surrogate halocarbons. A combination of
parameters of interest beginning with Section criteria for recovery in Section 83. a QC bromochioromethane. 2-bromo-1-
8.2.3. check standard containing each parameter chloropropane. and 1.4-dichlorobutane is

8&.2 Beginning with Section 8.2.3. repeat that failed must be prepared and analyzed. recommended to encompass the range of the
the test only for those parameters that failed Note: The frequency for the required temperature program used in this method.
io meet critaia. Repeated failure, however, analysis of a QC check standard will e€pend Fzom sock ;tandard solutiona prepared as in
will confirm a general problem with the upon the number of parameters being Section 8.5. add a volume to give 750 g of
measurement system. If this occurs, locate simultaneously tested, the complexity of the each surrogate to 45 mL of reagent water
and correct the source of the problem and sample matrix, and the performance of the contained in a 50-mL volumetric flask, mix
repeat the test for all compounds of interest laboratory. If the entire list of parameters in and dilute to volume for a concentration of 15
beginning with Section 8.2.3. Table 2 must be measured in the sample in ng/j.L Add 10 JL of this surrogate spiking

8.3 The laboratory must on an ongoing Section 8.3. the probability that the analysis solution directly into the 5-mL syringe with
basis, spike at least 10% of the samples from of a QC check standard will be required is every sample and reference standard
each sample site being monitored to assess high. In this case the QC check standard analyzed. Prepare a fresh surrogate spiking
accuracy. For laboratories analyzing one to should be routinely analyzed with the spiked solution on a weekly basis. If the internal
ten samples per month, at least one spiked sample. standard calibration procedure is being used.
sample per month is required. 8.4.1 Prepare the QC check standard by the surrogate compounds may be added

8.3.1 The concentration of the spike in the adding 10 ILL of QC check sample concentrate directly to the internal standard spiking
sample should be determined as follows: (Sections 8.2.1 or 8.3.2) to 5 mL of reagent solution (Section 7.4.2).

8.3.1.1 If. as in compliance monitoring. the water. The QC check standard needs only to
concentration of a specific parameter in the contain the parameters that failed criteria in 9. Sample Collection. Preservation. and
sample is being checked against a regulatory the test in Section 8.3. Handling
concentration limit, the spike should be at 8.4.2 Analyze the QC check standard to 9.1 All samples must be iced or
that limit or I to 5 times higher than the determine the concentration measured (A) of refrigerated from the time of collection until
background concentration determined in each parameter. Calculate each percent analysis. If the sample contains free or
Section 8.3.2. whichever concentration would recovery (P.) as 100 (A/11%. where T is the combined chlorine, add sodium thiz'sulfate
be larger. true value of the standard concentration, preservative (10 mg/40 mL is sufficej:t for up

8.3.1.2 If the concentration of a specific 8.4.3 Compare the percent recovery (P.) to 5 ppm C13) to the empty sample bottle just
parameter in the sample is not being checked for each parameter with the corresponding prior to shipping to the sampling site. EPA
against a limit specific to that parameter, the QC acceptance criteria foind in Table 2. Methods 330.4 and 330.5 may be used for
spike should be at 20 I g/L or 1 to 5 times Only parameters that failed the test in measureme
higher than the background concentration Section 8.3 need to be compared with these mesrement of residual chlorine. Field test

determined in Section 8.3.2. whichever criteria. If the recovery of any such parameter kits are available for this purpose.
concentration would be larger. falls outside the designated range. the 9.2 Grab samples must be collected in

&3.2 Analyze one 5-mL sample aliquot to laboratory performance for that parameter is glass containers having a total volume of at

determine the background concentration (B) judged to be out of control, and the problem least 25 mL Fill the sample bottle just to
must be immediately identified and overflowing in such a manner that no air

of each parameter. If necessary, prepare a tbubbles pass through the sample as the bottlenew QC check sample concentrate (Section corrected. The analytical result for thatbulepastrghheameasheote
8.2.QC apprope fe banckgtround (Sect parameter in the unspiked sample is suspect is being filled. Seal the bottle so that no air
8.2.1) appropriate for the background and may not be regulatory bubbles are entrapped in it. If preservative
concentrations in the sample. Spike a second ndmanoe poed has been added, shake vigorously for I min.5-mL sample aliquot with 10 .L of the QC compliance purposes.

8.5 As part of the QC program for the Maintain the hermetic seal on the sample
check sample concentrate and analyze it to laboratory, method accuracy for wastewater bottle until time of analysis.
determine the concentration after spiking (A) samples must be assessed and records must 9.3 All samples must be analyzed within
of each parameter. Calculate each percent be maintained. After the analysis of five 14 days of collection.3
recovery (P) aa 100(A-B)%/T. where T is the spiked wastewater samples as in Section 8.3. 10. Procedure
known true value of the spike. calculate the average percent recovery (P1s

8.3.3 Compare the percent recovery (P) for and the standard deviation of the percent 10.1 Table o summarizes the
each parameter with the corresponding QC recovery (s,). Express the accuracy recommended operating conditions for the
acceptance criteria found in Table 2. These assessment as a percent recovery interval gas chromatograph. Included in this table are
acceptance criteria were calculated to from P-23, to P+Zs,. If p=90% and s,= 10%. estimated retention times and MDL that can
include an allowance for error in for example. !he accuracy interval is be achieved under these conditions. An
measurement of both the background and expressed as 70-110%. Update the accuracy example of the separations achieved by
spike concentrations, assuming a spike to assessment for each parameter on a regular Column 1 is shown in Figure 5. Other packed
background ratio of 5:1. This error will be basis (e.g. after each five to ten new accuracy columns. chromatographic conditions, or
accounted for to the extent that the analyst's measurements). detectors may be used if the requirements of
spike to background ratio approaches 5:1.' If 8.6 It is recommended that the laboratory Section 8.2 are met.
spiking was performed at a concentration adopt additional quality assurance practices 10.2 Calibrate the system daily as
lower than 20 /g/L the analyst must use for use with this method. The specific described in Section 7.
either the QC acceptance criteria in Table 2. practices that are most productive depend 10.3 Adjust the purge gas (nitrogen or
or optional QC acceptance criteria calculated upon the needs of the laboratory and the helium) flow rate to 40 mL/min. Attach the
for the specific spike concentration. To nature of the samples. Field duplicates may trap inlet to the purging device, and set the
calculate optional acceptance criteria for the be analyzed to assess the precision of the purge and trap system to purge (Figure 3).
recovery of a parameter. (1) Calculate environmental measurements. When doubt Open the syringr valve located on the
accuracy (X) using the equation in Table 3. exists over the identification of a peak on the purging device sample introduction needle.
substituting the spike concentration (T] for C. chromatogram, confirmatory techniques such 10.4 Allow the sample to come to ambient
(2) calculate overall precision (S') usingthe as gas chromatography with a dissimilar temperature prior to introducing it to the
equation in Table 3. substituting X' for X (3) column, specific element detector, or mass syrnge. Remove the plunger from a 5-mL
calculate the range for recovery at the spike spectrometer must be used. Whenever syringe and attach a closed syringe valve.
concentration as (100 X'/T--2.44(100 S'/ possible, the laboratory should analyze Open the sample bottle (or standard) and
TM I standard reference materials and participate carefully pour the sample into the syringe

8.3.4 If any individual P falls outside the in relevant performance evaluation studies. barrel to just short of overflowing. Replace
designated range for recovery, that parameter 8.7 The analyst should monitor both the the syringe plunger and compress the sample.
has failed the acceptance criteria. A check performance of the analytical system and the Open the syringe valve and vent any residual
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air while adjusting the sample volume to S.D 10.11 If the response tot a peak exceeds operator precision, overall precision. and
mL Since this process of taking an aliquot the working range of the system. prepare a method accuracy were found to be directly
destroys the validity of the sample for future dilution of the sample with reagent water related to the concentration of the parameter
analysis, the analyst should fill a second from the aliquot in the second syringe and and essentially independert of the sample
syringe at this time to protect against reanalyze. matrix. Linear equations to describe these
possible loss of data. Add 10.0 IL of the 11. Calculations relationships are presented in Table 3.
surrogate spiking solution (Section 8.7) and
10.0 AL of the internal standard spiking 11.1 Determine the concentration of References
solution (Section 7.4.2). if applicable. through individual compounds in the sample. 1.40 CFR Part 136. Appendix B.
the valve bore. then close the valve. 11.1.1 If the external standard calibration 2. Salor. T.A.. and Lichtenberg. J.J,

10.5 Attach the syringe-syringe valve procedure is used. calculate the

assembly to the syringe valve on the purgm, concentration of the parameter being "Determining Volatile Organics at

device. Open the syringe valves and inject measured from the peak response using the Microgram-per-Litre-Levels by Gas
the sample into the purging chamber. calibration curve or calibration factor Chromatography.' ournoalof the American

10.6 Close both valves and purge the determined in Section 7.3.2. Water Works Association. 66. 739 (1974).
sample for 11.0-C.1 min at ambient 11.1.2 If the internal standard calibratio-. 3. Bellar. T.A.. and Lichtenberg. 1.J. "Semi-

temperature. procedure is used. calculate the Automated Headspace Analysis of Drinking

10.7 After the 11-min purge time. attach concentration in the sample using the Waters and Industrial Waters for Purgeable

the trap to the chromatograph. adjust the response factor (RF) determined in Section Volatile Organic Compounds." Proceedings

purge and trap system to the desorb mode 7.4.3 and Equation 2 from Symposium on Measurement of Organic
(Figure 4), and begin to temperature program Equation 2. Pollutants in Water and Wastewater.

the gas chromatograph. Introduce the trapped American Society for Testing and Materials,
materials to the GC column by rapidly STP 68. C.E. Van Hall, editor. 1978.
heating the trap to 180 'C while backflushing 4. "Carcinogens--Working With
the trap with an inert gas between 20 and 60 (A.(C,) Carcinogens." Department of Health.
mL/min for 4 min. If rapid heating of the trap Concentration (g/L)= Education. and Welfare. Public Health
cannot be achieved, the GC column must be (Ai](RF) Service. Center for Disease Control, National
used as a secondary trap by cooling it to Institute for Occupational Safety and Health.
30 'C (subambient temperature. if poor peak Publication No. 77-206. August 1977.

geometry or random retention time problems where: 5. -OSHA Safety and Health Standards.
persist) instead of the initial program A,= Response for the parameter to be Ceneral Industry" (29 CFR 1910).
temperature of 45 "C measured. O,:cupational Safety and Health

10.8 While the trap is being desorbed into A,=Response for the internal standard. Administration, OSHA 2206 (Revised.
the gas chromatograph. empty the purging C,=Concentration of the internal Januiry 1978).
chamber using the sample introduction standard. 6. "Safety in Academic Chemistry
syringe. Wash the chamber with two 5-mL 11.2 Report results in ;.8/L without Laboratories." American Chemical Society
flushes of reagent water. correction for recovery data. All QC data Publication. Committee on Chemical Safety,

10.9 After desorbing the sample for 4 min. obtained should be reported with the sample 3rd Edition. 1979.
recondition the trap by returning the purge results. 7. Provost. IP,, and Elder. R.S.
and trap system to the purge made. Wait 15 s "Interpretation of Percent Recovery Data."
then close the syringe valve on the purging 12. Method Performance American Laboratory. 15. 58-63 (1983). (The
device to begin gas flow through the trap. Tlhe 12.1 The method detection limit (MDL) is value 2.44 used in the equation in Section
trap temperature should be maintained at defined as the minimum concentration of a 8.3.3 is two times the value 1.22 derived in
180 "C After approximately 7 mi. turn off the substance that can be measured and reported this report.)
trap heater and open the syringe valve to with N9% confidence that the value is above 8. "Methods 330.4 (Titrinetric. DPD-FAS)
stop the gas flow through the trap. When the zero.' The MDL concentrations listed in and 330.5 (Spectrophotometric DPD] for
trap is cool. the next sample can be analyzed. Table I were obtained using reagent water.' Chlorne. Total Residue,." Methods for

10.10 Identify the parameters in the Similar results were achieved using Chemical Analysis of Water and Wastes.

sample by comparing the retention times of representative wastewaters. The MDL

the peaks in the sample chromatogram with actualy achieved in a given analysis will EPA 600/4-79-020. U.S. 1invironmental

those of the peaks in standard vary depending on instrument sensitivity and Protection Agency. Environmental Monitoring
chromatograms. The width of the retention matrix effects. and Support Laboratory, Cincinnat Ohio
time window used to make identifications 12.2 This method is recommended for use 45268. March 1979.

should be based upon measurements of in the concentration range from the MDL to 9. "EPA Method Validation Stud' 23.
actual retention time variations of standards 1000 x MDL Direct aqueous injection Method 801 [Purgeable 1Halocarbons}." Report
over the course of a day. Three times the techniques should be used to measure for EPA Contract 68-03-:%8 (in preparation).
standard deviation of a retention time for a concentration levels above 1000x MDL 10. "Method Validation Data for EPA
compound can be used to calculate a 12.3 This method was tested by 20 Method 601." Memorand.un from 3. Potter.
suggested window size: however, the laboratories using reagent water, drinking U.S. Environmental Protection Agency,
experience of the analyst should weigh water, surface water, and three industrial Environmental Monitoring and Support
heaviiy in the interpretation of wastewaters spiked at six concentrations Laboratory. Cincinnati. Ohio 45268.
chromatograms. over the range 8.0 to S0 &g/L' Single November 10. 1983.
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TABLE 1 .- CIROMATOGRAPIC CONOITONS AND METHOD DETCION4 LUITS-Coinued

_______I Coaam 2 ka(W
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TABLE 2.-CAuBRATION AND OC AcCEPT ANCE CRITEJSIA-METHOO 601
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TABLE 3.-METH~OD ACCURACY AND PRECISION As FUNCTIONS OF CONCENTRATION-METHOD 601--Continuied
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OPTIONAL
FOAI . --- EXIT '4 IN.
TRAP0.D

~14M 0. 0.
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Figure 1. Purging device.
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PACKING PROCEDURE CONSTRUCTION

GLASSW 74%/FOOT COMPRESSION
WOOL RESISTANCE TI4NU

ACTIVATED' WIRE WRAPPED AND FERRULES
CHARCOAL 7.7 SOLID c=

J DOuULE LATER) EMO UL/
CONTR(X.L3

GRADE 15-72MTR
SILICA GEL ROLOO

I RESISTANCE PRIEE
TENAX 7.7 CIsu UIG2Ccu. OLID0.106 IN. I.D.

0.125 IN. O.D.
301 V 1C- H t STAINLESS STEEL

GLASS WOOL0
TRAP INLET

Figure 2. Trap packings and construction to include
desorb capability
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Met ho 90-Purgeablo Aromatics 3. Interferences center (Pierce *13075 or equivalent).

i. Scope and Applicatzon 3.1 Impurities in the purge gas and Detergent wash. rinse with top and distilled
organic compounds outgassuig from the water, and dry at 106 "C before use.

1.i This method covers the determination plumbing ahead of the trap account for the 5.1.2 Septum-Teflon.faced silicone
of various purgeable aromatics. The following majority o( contamination problems. The (Pierce 212722 or equivalent). Detergent
parameters may be detercined by this analytical system must be demonstrated to wash. rinse with tap and distilled water. and
method: be free from contamination under the dry at 106 *C for 1 h before use.

conditions of the analysis by running 5.2 Purge and trap system-The purge aaz
laboratory reagent blanks as described in trap system consists of three separate pieces

o. Section 8.1.3. The use of non-Teflon plastic of equipment: A purging device, trap. and
tubing. non-Teflon thread sealants. or flow desorber. Several complete systems are now

B3ore 71-43-2 controllers with rubber components in the commercially available.
....OWM ......................... 3,I 106.- purge and trap system should be avoided. 5.2.1 The purging device must be designed

1.2-0 er ve -.............50-
.3 ,, ........... 4,ee 541-73-. 3.2 Samples can be contamnated by to accept 5-mL samples with a water coiu.m

14.O5dctMWW .................. 34571 os-& -7 diffusion of volatile organics through the at least 3 cm deep. The gaseous head space
Ell 'b , ...... ........................ .. .. 34371 O-,-4 septum seal into the sample during shipment between the water column and the trap must
Too, ................................................. W410 C-a-:3 and storage. A field reagent blank prepared have a total volume of !ess than 15 mL The

from reagent water and carried through the purge gas must pan through the water

1.2 This is a purge and trap pa. sampling and handling protocol can serve as column as finely divided bubbles with a
chromatographic (CCI method applicable to a check on such contamination. diameter of less than 3 mm at the origin. The
the determination of the compounds listed 3.3 Contamination by carry-over can purge gas must be introduced no more than 5
above in municipal and industrial discharges occur whenever high level and low level mm from the base of the water column. The
as provided under 40 CFR 136.1. When this samples are sequentially analyzed. To reduce purging device illustrated in Figure I meets
method is used to analyze unfamiliar samples carry-over, the purging device and sample these design criteria.
for any or all of the compounds above, syringe must be rinsed with reagent water 5.2.2 The trap must be at least 25 cm long
compound identifications should be between sample analyses. Whenever an and have an inside diameter of at least 0.105
supported by at least one additional unusually concentrated sample is in.
qualitative technique. This method describes encountered, it should be followed by an 5.2.2.1 The trap is packed with I cm of
analytical conditions for a second gas analysis of reagent water to check for cross methyl silicone coated packing (Section 6.4-",
chromatographic column that can be used to contamination. For samples containing large and 23 cm of 2.6-diphenylene oxide polymer
confirm measurements made with the amounts of water-soluble materials. (Section 6.4.1) as shown in Figure 2. This trapprm easluemn m de 4 pve a suspended solids, high boiling compounds or was used to develop the method performanceprimaty column. Method 624 provides gas high aromatic levels, it may be necessary to statements in Section 12.chromatograph /mass spectrometer (CC/MS} wash the purgng device with a detergent5...2Atraieyeiero etw

conditions appropriate for the qualitative and shuthen prgingeitw diled wiadtergeant 5.2.2-2 Alternatively either of the twoquniiecondiimtion ofpresrits for teu all ofd solution, rinse it with distilled water, and traps described in Method 601 may be used.
quantitative confirmation of results for all of then dry it in an oven at 105 "C between although water vapor will preclude the
the parameters listed above. analyses. 'Me trap and other parts of the atog ae ao ilpeld h

1.3 The method detection limit (MDL ayses Te ap and ot ato measurement of low concentrations ofdefne inSetio 1.1) fr echparmeer system are also subject to contamination; benzene.
defined in Section 12.1) for each parameter therefore, frequent bakeout and purging of 5.2.3 The desorber must be capable of
is listed in Table I. The MDL for a specific the entire system may be required. rapdl be th e ap T
wastewater may differ from those listed. rapidly beating the trap to 180 *C. The
depending upon the nature of interferences in 4. Safety polymer section of the trap should not be
the sample matrix. 4.1 The toxicity or carcinogenicity of each heated higher than 180 "C and the remaining

1.4 Any modification of this method. reagent used in this method has not been sections should not exceed 200 *C. The
beyond those expressly permitted. shall be precisely defined; however, each chemical desorber illustrated in Figure 2 meets 'hese
considered as a major modification subject to compound should be treated as a potential design criteria.
application and approval of alternate test health hazard. From this viewpoint, exposure 5.2.4 The purge and trap system my be
procedures under 40 CFR 136.4 and 136.5. to these chemicals must be reduced to the assembled as a separate unit or be coupled to

1.5 This method is restricted to use by or lowest possible level by whatever means a gas chromatograph as illustrated in Figures
under the supervision of analysts available. The laboratory is responsible for 3. 4. and 5.
experienced in the operation of a purge and maintaining a current awareness file of 5.3 Gas chromatograph-An analytical
trap system and a gas chromatograph and in OSHA regulations regarding the safe system complete with a tempeature
the interpretation of gas chromatograms. handling of the chemicals specified in this programmable gas chromatograph suitable
Each analyst must demonstrate the ability to method. A reference file of material data for on-column injection and all required
generate acceptable results with this method handling sheets should also be made accessories including syringes, analytical
using the procedure described in Section 8.2. available to all personnel involved in the columns, gases, detector, and strip-chart

chemical analysis. Additional references to recorder. A data system is recommended for
. Summary of Method laboratory safety are available and have measuring peak areas.

2.1 An inert gas is bubbled through a 5- been identified 11 for the information of the 5.3.1 Column 1-6 ft long x 0.062 in. ID
mL water sample contained in a specially- analyst. stainless steel or glass. packed with 5% SP-
designed purging chamber at ambient 4.2 The following parameters covered by 1200 and 1.75% Bentone-34 on Supelcoport
temperature. The aromatics are efficiently this method have been tentatively classified (100/120 mesh) or equivalent. This column
transferred from the aqueous phase to the as known or suspected, human or mammalian was used to develop the method performsn-e
vapor phase. The vapor is swept through a carcinogens: benzene and 1.4- statements in Section 12. Guidelines for the
sorbent trap where the aromatics are dichlorobenzene. Primary standards of these use of alternate column packings are
trapped. After purging is completed, the trap toxic compounds should be prepared in a provided in Section 10.1.
is heated and backflushed with the inert gas hood. A NIOSH/MESA approved toxic gas U5.32 Column 2-4 ft long x 0.1 in ID
to desorb the aromatics onto a gas respirator should be worn when the analyst stainless steel or glass, packed with 5% 1.2.3
chromatographic column. The gas handles high concentrations of these toxic Tris(2-cyanoethoxy)propane on Chromosorb
chromatograph is temperature programmed to compounds. W-AW (80/80 mesh) or equivalent.
separate the aromatics which are then 3 .Apparatus *nd actrials 5.3.3 Detector-Photoionization deector
detected with a photoionization detector.' (h-Nu Systems. Inc. Model P1-51-02 or

2.2 The method provides an optional gas 5.1 Sampling equipment. for discrete equivalent). This type of detector has been
chromatographic column that may be helpful sampling, proven effective in the analysis of
in resolving the compounds of interest from 5.1.1 Vial--25mL capacity or ]ser. wastewaters for the parameters listed in the
interferences that may occur. equipped with a screw cap with a hole in the scope (Section 1.11. and was used to develop
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the method performance statements in standard. Commercially prepared stock compounds of interest. The analyst must
Section 12. Guidelines for the use of alternate standards can be used at any concentration if further demonstrate that the measurement of
detectors are provided in Section 10.1. they are certified by the manufacturer or by the internal standard is not affected by

5.4 Syringes--,5-mL glass hypodermic with an independent source. method or matrix interferences. Because of
Luerlok tip (two each). if applicable to the &8.64 Transfer the stock standard solution these limitations, no internal standard can be
purging device. into a Teflon-sealed screw-cap bottle. Store suggested that is applicable to all samples.

5.5 Micro syringes--2S-L .008 in. ID at 4 "C and protect from light. The compound. aaa.-trifluorotoluene.
needle. ,.6.5 All standards must be replaced after recommended as a surrogate spiking

5.6 Syringe valve-z-way. with Luer ends one month, or sooner if comparison with compound in Section 8.7 has been used
(three each). check standards indicates a problem. successfully as an internal standard.

5.7 Bottle-15-mL screw-cap. with Teflon 6.7 Secondary dilution standards-Using 7.4.1 Prepare calibration standards at a
cap liner, stock standard solutions, prepare secondary minimum of three concentration levels for

5.8 Balance-Analytical. capable of dilution standards in methanol that contain each parameter of interest as described in
accurately weighing 0.0001 g. the compounds of interest, either singly or Section 7.3.1.

mixed together. The secondary dilution 7.4.2 Prepare a spiking solution containing
8. Reagents standards should be prepared at each of the internal standards using the

6.1 Reagent water-Reagent water is concentrations such that the aqueous procedures described in Section 6.8 and 8.7. It
defined as a water in which an interferent is calibration standards prepared in Sections is recommended that the secondary dilution
not observed at the MDL of the parameters-of 7.3.1 or 7.4.1 will bracket the working range of standard be prepared at a concentration of 15
interesL the analytical system. Secondary solution 1&g/mL of each internal standard compound.

6.1.1 Reagent water can be generated by standards must be stored with zero The addition of 10 jLI of this standard to 5.0
passing tap water through a carbon filter bed headspace and should be checked frequently mL of sample or calibration standard would
containing about 1 lb of activated carbon for signs of degradation or evaporation, be equivaient to 30 pg/L
(Filtrasorb-300. Calgon Corp.. or equivalent), especially just prior to preparing calibration 7.4.3 Analyze each calibration standard

6.1.2 A water purification system standards from them. according to Section 10. adding 10 L of
(Millipore Super-Q or equivalent) may be 6.8 Quality control check sample internal standard spiking solution directly to
used to generate reagent water. concentrate-See Section 8.2.1. the syringe (Section 10.41. Tabulate peak

6.1.3 Reagent water may also be prepared C height or area responses against
by boiling water for 15 min. Subsequently, . Calibration concentration for each compound and
while maintaining the temperature at 90 'C. 7.1 Assemble a purge and trap system internal standard, and calculate response
bubble a contaminant-free inert gas through that meets the specifications in Section 5.2. factors (RF) for each compound using
the water for 1 h. While still hot, transfer the Condition the trap overnight at 180 'C by Equation 1.
water to a narrow mouth screw-cap bottle backflushing with an inert gas flow of at least Equation 1.
and seal with a Teflon-lined septum and cap. 20 mL/min. Condition the trap for 10 min

e.- Sodium thiosuffate-(ACS) Granular. once daily prior to use.
6.3 Hydrochloric acid (1+1)-Add so ml 7.2 Connect the purge and trap system to (A,){C1 }

of concentrated HCI (ACS) to So mL of a gas chromatograph. The gas chromatograph RF=
reagent water. must be operated using temperature and flow (A1,(C.)

8.4 Trap Materials: rate conditions equivalent to those given in
8.4.1 2.8-Diphenylene oxide polymer- Table 1. Calibrate the purge and trap-gas where:

Tenax. (60/80 mesh), chromatographic grade chromatographic system using either the A.=Response for the parameter to be
or equivalent, external standard technique (Section 7.3) or measured.

6.4.2 Methyl silicone packdng--3% OV-1 the internal standard technique (Section 7.4). A,=Response for the internal standard.
on Chromosorb-W (60/80 mesh) or 7.3 External standard calibration C=Concentration of the internal standard
equivalent, procedure: C,= Concentration of the parameter to be

e.5 Methanol-Pesticide quality or 7.3.1 Prepare calibration standards at a measured.
equivalent, minimum of three concentration levels for If the RF value over the working range is a

6.8 Stock standard solutions-Stock each parameter by carefully adding 20.0AL. of constant ( <10% RSD), the RF can be
stand. rd solhations may be prepared from one or more secondary dilution standards to assumed to be invariant and the average RF
pure s andard materials or purchased as 100. 500. or 1000 mL of reagent water. A 25- can be used for calculations. Alternatively.
certifi d solutions. Prepare stock standard ;LL syringe with a 0.006 in. ID needle should the results can be used to plot a calibration
solutions in methanol using assayed liquids, be used for this operation. One of the curve of response ratios. A./A,, vs. RF.
Because of the toxicity of benzene and 1,4- external standards should be at a 7.5 The working calibration curve.
dichlorobenzene. primary dilutions of these concentration near, but above, the MDL calibration factor, or RF must be verified on
materials should be prepared in a hood. A (Table 1) and the other concentrations should each working day by the measurement of a
NISH/MESA approved toxic gas respirator correspond to the expected range of QC check sample.
should be used when the analyst handles concentrations found in real samples or 7.5.1 Prepare the QC check sample as
high concentrations of such materials. should define the working range of the described in Section 8.2,..

6.6.1 Place about 9.8 mL of methanol into detector. These aqueous standards must be 7.5.2 Analyze the QC check sample
a 1O-mL ground glass stoppered volumetric prepared fresh daily. according to Section 10.
flask. Allow the flask to stand, unstoppered. 7.3.2 Analyze each calibration standard 7.5.3 For each parameter. compare the
for about 10 min or until all alcohol wetted according to Section 10. and tabulate peak response (Q) with the corresponding
surfaces have dried. Weigh the flask to the height or area responses versus the calibration acceptance criteria found in Table
nearest .1 mg. concentration in the standard. The results 2. If the responses for all parameters of

6.6.2 Using a 100- 1 ,L syringe, immediately can be used to prepare a calibration curve for interest fall within the designated ranges.
add two or more drops of assayed eference each compound. Alternatively, if the ratio of analysis of actual samples can begin. If any
material to the flask, then reweigh. Be sure response to concentration (calibration factor) individual Q falls outside the range. a new
that the drops fall directly into the alcohol is a constant over the working range (<10% calibration curve, calibration factor, or RF
without contacting the neck of the flask. relative standard deviation. RSD). linearity must be prepared for that parameter

6..3 Reweigh. dilute to volume, stopper, through the origin can be assumed and the according to Section 7.3 or 7.4.
then mix by inverting the flask several times. average ratio or calibration factor can be
Calculdte the concentration in Isg/4 from used in place of a calibration curve. 8. Quality Control

the net gain in weight. When compound 7.4 Internal standard calibration 6.1 Each laboratory that uses this method is
purity is assayed to be 96% or greater. the procedure-To use this approach, the analyst required to operate a formal quality control
weight can be used without correction to must select one or more internal standards program. The mimimum requirements of this
calculate the concentration of the stock that are similar in analytical behavior to the program consist of an initial demonstration of
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laboratory capability and an ongoing 8.2.4 Calculate the average recovery tX) measurement of both the background and
analysis of spiked samples to evaluate and in Ag/L and the standard deviation of the spike concentrations, assuming a spike to
document data quality. The laboratory must recovery (s) in ugiL for each parameter of background ratio of 5:1. This error will be
,iaintain records to document the quality of interest using the four results. accounted for to the extent that the analyst's

data that is generated. Ongoing data quality 8.2.5 For each parameter compare a and X spike to background ratio approaches 5:1.1 If
checks are compared with established with the corresponding acceptance criteria spiking was performed at a concentration
performance criteria to determine if the for precision and accuracy, respectively, lower than 20 /4g/L the analyst must use
results of analyses meet the performance found in Table 2. If s and X for all parameters either the QC acceptance crteria in Table 2.
characteristics of the method. When results of interest meet the acceptance criteria, the or optional QC acceptance criteria calculated
of sample spikes indicate atypical method system performance is acceptable and for the specific spike concentration. To
performance. a quality control check analysis of actual samples can begin. If any calculate optional acceptance criteria for the
standard must be analyzed to confirm that individual s exceeds the precision limit or recovery of a parameter. (1) Calculate
the measurements were performed in an in- any individual X falls outside the range for accuracy IX') using the equation in Table 3.
control mode of operation. accuracy, the aystem performance is substituting the spike concentration (T) for C;

s.1.1- The analyst must make an initial, unacceptable ior that parameter. (2) calculate overall precision (S') usir the
one-time, demonstration of the ability to Note.-Th. ';,-,e number cf parameters in equation in Table 3. 3ubstituting X' f1 X: i3)
generate acceptable accuracy and precision Table 2 pr~erit 3 substantiai probability that calculate the range for recovery at the noi.)e
with this method. This ability is established one or more will fail at least one of the concentration as (100 X'/TJ = ..44(100 S'/
as described in Section 8.2. a acceptance criteria when all parameters are "A.I

8.1.2 In recognition of advances that are analyzed. 8.3.4 If any individual P falls outside the
occurring in chromatography. the analyst is
permitted certain options (detailed in Section 8.2.6 When one or more of the parameters designated range for recovery, that parameter
10.1) to improve the separations or lower thr tested fail at least one of the acceptance has failed the acceptance criteria. A check
cost of measurements. Each time such a ;nitena. the analyst must proceed according standard containing each parameter that
modification is made to the method, the to Section 8.2.8.1 or 8.2.8.2. railed the criteria must be analyzed as
analyst is required to repeat the procedure in 8.2.8.1 Locate and correct the source of described in Section 8.4.
Section 8.2. the problem and repeat the test for all 8.4 If any parameter fails the acceptance

8.1.3 Each day, the analyst must analyze a parameters of interest beginning with Section criteria for recovery in Section 8.3. a QC
reagent water blank to demonstrate that 8.2.3. check standard containing each parameter
interferences from the analytical system are 8.2.6.2 Beginning with Section 8.2.3. repeat that failed must be prepared and analyzed.
under control. the test only for those parameters that failed Note: The frequency for the required

8.1.4 The laboratory must. on an ongoing to meet critena. Repeated failure, however.
basis, spike and analyze a minimum of 10% of will confirm a general problem with the analysis of a QC check standard will depend

all samples to monitor and evaluate measurement system. If this occurs, locate upon the number of parameters being

laboratory data quality. This proc- lure is and correct the source of the problem and simultaneously tested, the complexity of the

described in Section 8.3. repeat the test for all compounds of interest sample matrix, and the performance of the
8.1.5 The laboratory must. on an ongoing beginning with Section 8.2.3. laboratory.

basis, demonstrate through the analyses of 8.3 The laboratory must. on an ongoing 8.4.1 Prepare the QC check standard by
quality control check standards that the basis, spike at least 10% of the samples from adding 10 /L of QC check sample concentrate

operation of the measurement system is in each sample site being monitored to assess (Sections 8.2.1 or 8.3.2) to 5 mL of reagent

control. This procedure is described in accuracy. For laboratories analyzing one to water. The QC check standard needs only to

Section 8.4. The frequency of the check ten samples per month, at least one spiked contain the parameters that failed criteria in
standard analyses is equivalent to 10% of all sample per month is required. the test in Section 8.3.
samples analyzed but may be reduced if 8.3.1 The concentration of the spike in the 8.4.2 Analyze the QC check standard to
spike recoveries from samples (Section 8.3) sample should be determined as follows. determine the concentration measured (A) of
meet all specified quality control criteria. 8.3.1.1 If. as in compliance monitoring, the each parameter. Calculate each percent

8.1.8 The laboratory must maintain concentration of a specific parameter in the recovery (P.) as 100 (A/T%. where T is the
performance records to document the quality sample is being checked against a regulatory. true value of the standard concentration.
of data that is generated. This procedure is concentration limit, the spike should be at 8.4.3 Compare the percent recovery (P.)
described in Section 8.5. that limit or I to 5 times higher than the for each parameter with the corresponding

8.2 To establish the ability to generate background concentration determined in QC acceptance critei a found in Table 2.
acceptable accuracy and precision, the Section 8.3.2. whichever concentration would Only parameters tha. failed the test in
analyst must perform the following be larger. Section 8.3 need to b, compared with these
operations. 8.3.1.2 If the concentration of a specific criteria. If the recove.) of any such parameter

8.2-1 A quality control (QC check sample parameter in the sample is not being checked falls outside the designated range, the
concentrate is required containing each against a limit specific to that parameter, the laboratory performance for that parameter is
parameter of interest at a concentration of 10 spike should be at 20 jg/L or I to 5 times judged to be out of control. and the problem
o.g/mL in methanol. The QC check sample higher than the background concentration must be immediately identified and
concentrate must be obtained from the U.S. determined in Section 8.3.2, whichever corrected. The analytical result for that
Environmental Protection Agency, concentration would be larger. parameter in the unspiked sample is suspect
Environmental Monitoring and Support 8.3.2 Analyze one 5-mL sample aliquot to and may not be reported for regulatory
Laboratory in Cincinnati, Ohio. if available. If determine the background concentration (B) compliance purposes.
not available from that source, the QC check of each parameter. If necessary, prepare a 8.5 As part of the QC program for the
sample concentrate must be obtained from new QC check sample concentrate (Section laboratory, method accuracy for wastewater
another external source. If not available from 8.2-1) appropriate for the background samples must be assessed and records must
either source above, the QC check sample concentrations in the sample. Spike a second be maintained. After the analysis of five
concentrate must be prepared by the 5-mL sample aliquot with 10 iL of the QC spiked wastewater samples as in Section 8.3.
laboratory using stock standards prepared check sample concentrate and analyze it to calculate the average percent recovery {P)
independently from those used for determine the concentration after spiking (A) and the standard deviation of the percent
calibration, of each parameter. Calculate each percent recovery (,). Express the accuracy

8.2.2 Prepare a QC check sample to recovery (P) as 100(A-B)%/T. where T is the assessmeut as a percent recovery interval
contain 20 gg/L of each parameter by adding known true value of the spike. from P-2.% to 1+2s, If P=90% and s, = 10.
200 L of QC check sample concentrate to 8.3.3 Compare the percent recovery (P) for for examp,e, the accuracy interval is
100 mL of reagant water. each parameter with the corresponding QC expressed as 70-110%. Update the accuracy

8.2.3 Analyze four 5-mL aliquots of the acceptancc cr'l" .c-u.d in Table 2 These assessment for each prameter on a regular
well-mixed QC check sample according to acceptance criteria were calculated to basis (e.g. after each five to ten new accuracy
Section 10. include an allowance for error in measurements).

G-21



Federal Register / Wol. 49. No. 209 / Friday, October 28. 1984 / Rules and Regulations 43

8.6 It is recommended that the labormtory 10.3 Adjust the purge gas (nitrogen or actual retention time vanationv of standards
adopt additional quality assurance practices helium) flow rate to 40 mL/min. Attach the over the course of a day. Three times the
for use with this method. The specific trap in!t to the purging device, and set the standard deviation of a retention time for a
practices that are most productive depemd purge and trap system to purge (Figure 3). compound can be used to calculate a
upon the needs of the laboratory and the Open the syringe valve located on the suggested wtndow size: however, the
nature of the samples. Field duplicates rmay purging device sample introduction needle. experience of the analyst should tieigh
be analyzed to assess the precision of thte 10.4 Allow the sample to come to ambient heavily in the interpretation of
environmental measurements. When dmubt temperature prior to introducing it to the chromatograms.
exists over the identification of a peak am the syringe. Remove the plunger from a 5-mL 10.11 If the response for a pe',k exceeds
chromatogram. confirmatory techniques -Ruch syringe and attach a closed syringe valve, the working range of the system, prepare a
as gas chromatography with a dissimilar Open the sample bottle (or standard) and dilution of the sample with reagent water
column. specific element detector. or mams carefully pour the sample into the syringe from the aliquot in the second syringe and
spectrometer must be used. Whenever barrel to just short of overflowing. Replace reanalyze.
possible. the laboratory should analyze the syringe plunger and compress the sample.
standard reference materials and particimate Open the syringe valve and vent any residual 11. Cakulotions

in relevant performance evaluation stuwies. air while adjusting the sample volume to 5.0 11.1 Determine the conc.,niration of
8.7 The analyst should monitor born the mL. Since this process of taking an aliquot individual compounds n the sampie.

performance of the analytical system amc the destroys the validity of the sample for future 11.1.1 If the external standard calibration
effectiveness of the method in dealing witth analysis, the analyst should fill a second procedure is used. calculate the
each sample matrix by spiking each sammle. syringe at this time to protect against concentration of the parameter being

standard. and reagent water blank with possible loss of data. Add 10.0 )L of the measured from the peak response using the
surrogate compounds (e.g. a. a, a,- surrogate spiking solution (Section 8.7) and calibration curve or calibration -actor
trifluorotoluenel recommended to encarmnass 10.0 AL of the internal standard spiking determined in Section 7.3.2.
the range of the temperature program umed in solution (Section 7.4.2). if applicable, through 11.1.2 If the internal standarl calibration
this method. From stock standard solutuins the valve bore. then close the valve, procedure is used. calculate the
prepared as in Section 6.6. add a volume to 10.5 Attach the syringe-syringe valve concentration in the sample using the
give 750 g.g of each surrogate to 45 ml. oi assembly to the syringe valve on the purging response factor JRF) determined n Section
reagent water contained in a 50-mL device. Open the syringe valves and inject 7.4.3 and Equation 2.
volumetric flask, mix and dilute to voiwune for the sample into the purging chamber. Equation 2.
a concentration of 15 mgi L. Add 10 ,LL of 10.6 Close both valves and purge the

this surrogate spiking solution directly mto sample for 12.0-t0.1 min at ambient

the 5-mL syringe with every sample and temperature.
reference standard analyzed. Prepare a -tresh 10.7 After the 12-min purge time.

surrogate spiking solution on a weekly ,masis. disconnect the purging device from the trap. {A.(C,,
If the internal standard calibration procmdure Dry the trap by maintaining a flow of 40 mL/ Concentration ({Lg/L}=
is being used. the surrogate compounds -may min of dry purge gas through it for 6 min (Ai(pJ

be added directly to the internal standarrd (Figure 4). If the purging device has no

spiking solution (Section 7.4.2). provision for bypassing the purger for this
step. a dry purger should be inserted into the where:

9 €ample Collection. Preservation. ad device to minimize moisture in the gas. A. = Response for the parameter to be
Handling Attach the trap to the chromatograph. adjust measured.

9.1 The samples must be iced or the purge and trap system to the desorb mode A, = Response for the internal standard.
refrigerated from the time of collection umtil (Figure 5). and begin to temperature program C. = Concentration of the internal
analysis. If the sample contains free or the gas chromatograph. Introduce the trapped standard.
combined chlorine, add sodium thiosulfate materials to the GC colLmn by rapidly 11.2 Report results in 4g/L without
preservative (10 mg/40 m.L is sufficient :mr up heating the trap to 180 "C while backflushing correction for recovery data. All QC data

to 5 pP.,n C12l to the empty sample bottle tust the trap with an inert gas between 20 and 60 obtained should be reported with the sample
prior to shipping to the sampling site. EPA nL/min for 4 min. If rapid heating of the trap results.
Method 330.4 or 330.5 may be used for cannot be achieved, the GC column must be
measurement of residual chlorine. ' Fieiz test used as a secondary trap by cooling it to 30 12. Method Performance

kits are available for this purpose. "C isubambient temperature. if poor peak 12.1 The method detection limit (MDL) is
9.2 Collect about 500 mL of sample . a geometry and random retention time defined as the minimum concentration of a

clean container. Adjust the pH of the sarmple problems persist) instead of the initial substance that can be measured and reported
to about 2 by adding 1 + 1 HC while sar:'ng. program temperature of 50 'C. with 99% confidence that the value is above

Fill the sample bottle in such a manner mat 10.8 While the trap is being desorbed into zero.' The MDL concentrations listed in
no .ir bubbles pass through the sample as the the gas chromatograph column. empty the Table 1 were obtained using reagent water.*

bottle is being filled. Seal the bottle so ,nat purging chamber using the sample Similar results were achieved using
no air bubbles are entrapped in it. Maum.ain introduction syringe. Wash the chamber with representative wastewaters. The MDL
the hermetic seal on the sample bottle umtil two 5-mL flushes of reagent water, actually achieved in a given analysis will
time of analysis. 10.9 After desorbing the sample for 4 min. vary depending on instrument sensitivity and

9.3 All samples must be analyzed w-nnin recondition the trap by returning the purge matrix effects.
14 days of collection.' and trap system to the purge mode. Watt 15 3, 12.2 This method has been demonstrated

then close the syringe valve on the purging to be applicable for the concentration range
iO. Procedure device to begin gas flow through the trap. The from the MDL to 1000 x MDL' Direct

10.1 Table 1 summarizes the trap temperature should be maintained at 180 aqueous injection techniques should be used

rec "nmended operating conditions for "me *C. After approximately 7 mm. turn off the to measure concentration levels above 1000 x
gas chromatograph. Included in this tabie are trap heater and open the syringe valve to MDL
estimated retention times and MDL that =an stop the gas flow through the trap. When the 12.3 This method was tested by 20
be achieved under these conditions. An trap is cool the next sample can be analyzed. laboratories using reagent water, drinking
example of the separations achieved by 10.10 Identify the parameters in the water, surface water, and three industrial
Column 1 is shown in Figure 6. Other pai.ced sample by comparing the retention times of wastewaters spiked at six concentrations
column& chromatographic conditions. -r the peaks in the samole chromatogram with over the range ' 1 tn 550 Mg!LISingle
detectors may be used if the requirememis of those of the peaks in standard operator precision, overall precision. and
Section 8.2 are met. chromatograms. The width of the retention method accuracy were found to be directly

10.2 Calibrate the system daily as time window used to make identifications related to the concentration of the parameter
described in Section 7. should be based upon measurements of and essentially independent of the sample
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1. 0 INTRODUCTION

The objective of a standard quality assurance-quality con-
trol plan is to establish and delineate the minimum amount
of effort the WESTON analytical laboratory will perform on
every sample submitted for analysis. This plan is designed
to meet four goals for the data from environmental analysisIcarried out by a WESTON laboratory. They are:

* Define WESTON standard of quality.
* Provide legally defensible analysis
e A published standard for comparison of price and

quality
..:a. A. published standard: -for the purpose of building or

modifying a sampling and analytical program that
addresses the requirements of the project.

If project requirements necessitate different quality
assurance programs, the user of WESTON analytical laboratory
services is responsible for defining and identifying all
deviations from the standard QA/QC plan. All changes must
be documented in writing for approval by the manager of the
WESTON laboratory involved.

Li

- . H-3



2.0 SAMPLE HANDLING PROCEDURES

In order to meet the stated goals for the standard QA/QC
plan the client and the analytical laboratory must under-
stand and follow the rules for handling the samples within
the laboratory. These rules treat the sample collector as
an integral part of the laboratory team in achieving the cor-
rect analyses for the sample. Sampling handling procedures
include:

e Analysis Plan
e Bottle Preparation
* Sample Preservatives

e Chain of. Custody DQcumentation
. Sample" Management System
* Sample Storage
* Analysis Scheduling]o Sample Retention and Disposal

2.1 Analysis Plan

.J The analysis plan is a written document that consists of the
following information:

* Name of the client
e Project Director and Project Manager
o Pertinent organization information (i.e., work order

numbers, name of client).] List of parameters to be analyzed
* Number of samples listed by parameter and matrix
e PriceI Projected date and time of sample arrival at the

laboratory
e List of all exceptions to the* Standard Analytical

Plan and the Standard QA/QC Plan
o List all the extra considerations not included in

the Standard QA/QC Plan (i.e., field blanks, USATHAMAj3 QA/QC, specific data reporting requirements).

The analysis plan must be a written document. It must be
rsubmitted to the analytical laboratory to be approved by the

manager before the samples are collected. All deviations to
the analysis plan must be documented in writing by either
the client or the laboratory. This document must be approv-

The Standard Analytical Plan consists of the specific
methodology used by the analytical laboratory for a civen pa-
rameter and matrix. This document includes a brief descrip-
tion of the method, an estimated detection limit, and a
source reference for the method.
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ed by the laboratory and project manager within the holding
time of the parameter of concern or 48 hours, which ever is
less. No analysis will be performed in a WESTON analytical
laboratory without the proper and complete analysis plan on
file.

2.2 Bottle Preparation

I Sample bottles will be prepared by the analytical laboratory
and made available to the sampling team on the required date
in the analysis plan. The bottles will be prepared accord-
ing to WESTON Standard Operating Procedures. If samples are
-submitted to the laboratory in bottles *or, containers prepar-
ed by othersi this deviatlon must be specified in the analy-

l sis plan along with the sample bottle preparation protocols
employed and the person/company responsible for preparing
the bottles.

I 2.3 Sample Preservatives

All sample bottles prepared by the analytical laboratory
will contain the preservative(s) shown the WESTON Analysis
Plan. The amount of the preservative placed in the sample
bottle for aqueous samples will be adequate and proper for
water samples. To ensure that a sample is properly preserv-
ed after collection (especially where preservation requires
pH adjustment), field personnel are urged to check the pH of
the sample after preservation. These data should be record-
ed in field notebooks.

All samples submitted will be checked to insure the proper
preservative and preservation procedures were used for the
sample. This includes the following checks where appropri-
ate:

I Normal
e pH
e Temperature of 4 C

II Special at Discretion of Lab
* Color
* Observation of sample for particulates or air bubbles

(VOA).
• Anion spot test for SO and C17(TOC)

All observations will be recorded by laboratory personnel
and no sample will be analyzed unless;

-I * it .s properly preserved
* the client has authorized the sample analysis by a

written amendment to the analysis plan or WESTON Stan-
dard QA/QC plan as prescribed in Section 2.1
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]
2.4 Chain of Custody Documentation

All samples must arrive at uhe laboratory with a chain of
custody document. A copy of the chain of custody document
is contained in the "Tracking System". The laboratory will
provide EPA-approved sample bottle labels, chain of custody
forms, and shipping containers upon request. The chain of
custody document must be initiated at the time the sample
bottles are prepared. If the sample bottles are not prepar-
ed by the analytical laboratory then the client assumes re-
sponsibility for proper bottle selection and preparation.
The, chain of custody document submitted in this case should
include the bottle preparetion and sample preservation infor-
mation.

When samples are delivered to the laboratory, the informa-
tion on the chain of custody document must be complete in
Iull. The samples will be inventoried against the chain of

custody form, and custody transfer acknowledged by signa-
ture, date and time of receipt. A copy of the signed form]will be given to the personnel who delivered the samples.

For samples which are delivered without applicable or with
incomplete chain of custody documentation, the sample custo-
dian will initiate a chain of custody or note acknowledges
receipt of the samples and initiates laboratory custody.

FOR SAMPLES WHICH ARE RECEIVED WITHOUT PROPER CHAIN OF CUS-
TODY, OR DEFICIENT CHAIN OF CUSTODY, THE LEGAL TRACEABILITY
OF SAMPLES BEGINS WITH RECEIPT AT THE LABORATORY BUT DOES
NOT EXTEND TO THE POINT OF SAMPLE COLLECTION.

2.5 Sample Management System

Upon arrival at the laboratory, the sample will be eitherUpon
logged-in immediately or stored at 4°C until log-in proce-
dures can be initiated. The log-in process for any given
shipment of samples must be completed within 24 hours of sam-
ple arrival at the laboratory as noted on the chain of custo-
dy document. The log in data will be available to the sub-
mitter (Project Manager) within 48 hours after arrival of
the samples at the laboratory to verify completeness of the
sample submittal. Deviations from the analysis plan must be
noted and resolved by both parties at this time.

The sample management system will be used for the following
laboratory functions:

- Scheduling
* Sample Disposal
* Invoicing (See Pricing Schedule for the appropriate

analytical laboratory)
o Data Management
* Deliverable Preparation
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It is imperative that the field documentation provided by
field personnel and the sample log-in procedure in the ana-
lytical laboratory be complete and accurate. Resolution of
deviations from the analysis plan must be accomplished with-
in the holding time of the parameter of concern or 48 hours.
Resolution of these items must be accomplished by telephone,
followed by written documentation in order to complete the
analysis within the required holding time. The holding
times are summarized in the Analysis Plan.

Each sample container is assigned a sequential WESTON sample
number. This unique WESTON number will identify the sample
(and any extracts derived from the *sample) in the labora-
tory's internal chain of custody until proper disposal of
samples or extracts. All references to a sample in any com-
munications should include this sample number as well as the
site identification number (code).

For additional information see WESTON's Analytical Labora-
tory's Sample Tracking Document.

This program provides "cradle to grave" chain of custody doc-

umentation.

]2.6 Sample Storage
All samples will be stored in a locked refrigerator at 407
1 0 C. Temperature of storage refrigerators are monitoredL daily by laboratory personnel. They will be removed from

storage by a limited number of authorized WESTON personnel
for either analysis, long term retention or disposal. All
sample movement will be documented using the laboratory

WSSTON's chain of custody program includes the follow-

ing:

* Sample bottle preparation
e Sample preservatives
o EPA-approved sample bottle labels and chain of custo-

dy documents
o Secured shipping containers
o Laboratory access limited to authorized personnel
o Locked refrigerated storage
o Internal laboratory chain of custody documentation

for all analytical operation, including sample dispo-
sal.

o All chain of custody documentation includes the loca-
tion, persons involved, date, time and reason for sam-
ple dislocation.

e Signing and dating of all laboratory documentation
pertaining to sample receipt, preparation and analy-
sis.

,



chain of custody documentation. Sample extracts or dicested
J samples will receive the same consideration. During non-

working hours, no sample will -remain unattended without be-
ing placed in a secure area.

1 2.7 Sample Fetention and Disposal

All samples will be retained in the refrigerator for 30 cal-
endar days after the date on the invoice accompanying the
final analytical results. Unless there is a written re-
quest for sample retention in the analysis plan or a written]amendment to the analysis plan, then all -samples will re-
ceive. proper disposal.on the 31st calendar day after the in-
voice date. (See -Price List -for retention and disposal

73 costs).
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j 3.0 STANDARD OPERATING PROCEDURES

.3.1 Analytical Methods

All of the analytical laboratory's methods are listed in the
Standard Analysis Plan. Since the choice of method depends
on the parameter, the matrix, possible interferences, cost,
and detection limit desired, the Standard Analysis Plan de-
notes the method that will be used by the analytical labora-
tory unless the analysis plan specifically states that an-
other method must be used. A rationale should accompany
this choice of method in the analysis plan.

3.2 Documentation of the Analytical Procedure

All data and observations will be recorded into a bound
laboratory notebook. The entries will include:

0 Analyst
e Date, Starting and Completion times
e Calibration Data] Results of analysis of laboratory quality control

samples
e Order of Analysis
* Example calculations
* Method reference
* Instrument identification
e * Location of raw and final data

All deviation from the method and pertinent observations
J will be recorded in the laboratory notebook and noted in the

data summary report. Also, all "out of control" situations
observed by the quality control program must be documented
in the notebook. This includes all corrective actions taken] by the analyst, supervisor, and/or the laboratory QA/QC co-
ordinator in response to the "out of Control" situation.

1

.3
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4.0 ANALYTICAL LABORATORY QUALITY CONTROL

4.1 Analytical. Method Calibration

34.1.1 Initial Calibration

For all parameters utilizing a calibration curve for
quantification, the analytical laboratory will measure
the response to a reagent blank and at least five (5)
different concentrations of thq analyte. A modification
of the method of Hubaux and Vos will be used to deter-
mine the following:

e The acceptable linear concentration range
for quantitation (the correlation coeffi-
cient (R) must be > 0.996).

j The instrumental detection limit.

At least three (3) calibration concentrations must be in
I the range of responses that is above the calculated de-

tection limit and used for calculating the acceptable
linear concentration range. No response can be report-3ed for a sample if the response is:

" greater than the response of the most con-
centrated calibration standard used in cal-3culating the acceptable linear concentra-
tion range.

" less than the response of the calculated
detection limit.

" less than the response of the lowest con-
centration calibration standard if the re-
sponse of the calculated detection limit
is less than the response of the lowest
calibration standard used.

4.1.2 Shift Calibration

11 Since the objective of the QC program is to verify that
analytical accuracy and precision are in control for a
given method - instrument - parameter, the initial in-
strument calibration must be verified periodically.
This requires the analysis of at least one calibration

.7 standard within the range of initial calibration. The

Analytical Chemistry, Vol. 42, No. 8, July 1970, p. 849
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ongoing calibration data will be checked to verify that
it is within ; 10% of the initial calibration. A mini-
mum of one shift calibration every 8-12 hours if the in-]strumental systems is automated for continuous opera-
tion.

14.1.3 Re-calibration

Recalibration is required after:

]* Instrument repair and/or mainten-
ance.

SA shift Calibration does not meet
previous calibration criteria.

e Any "out of control" situation as
defined in Section 4.6.

1 4.2 Lot Size

The quality control samples are assigned to each lot of} analytical samples. The size of a lot can be dictated
by the number of samples that can be completed in a
shift by an analyst. Therefore, the size of a lot can3 vary, but, the variance should not be more than 20%.

4.3 Quality Control Samples

iEvery lot, regardless of size, will have the following
quality control samples included.

]* Blanks
& Calibration Standards
* Duplicate (Split Sample)]7 . Spike (Standard Matrix spike)

Note: That if a lot contains 20 samples, at
least one of the samples will be analyzed
in duplicate. If a client submits less
than 20 samples for analysis and desires
one of those samples be analzyed in dupli-

j cate, the laboratory must be notified pri-
or to sample receipt.

1 4.3.1 Quality Control Blanks

4.3.1.1 Reagent Blank

The reagent blank is an integral part of the
calibration procedure. It consists of the
solvent or matrix used for the calibration
standards without the presence of the ana-
lyte being measured.
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The analytical laboratory will use solvents
and reagents of the highest purity available
to minimize laboratory contamination. Also,
the water quality of the deionized - carbon
treated *pure" water system will be monitor-
ed monthly.

4.3.1.2 Method Blank

The method blank is a matrix as similar tc
that of the analytical sample as possible
without the presence. of the analyte. The
method blank is prepared and analyzed with -

the samples and is used to monitor labora-
tory contamination.

4.3.2 Analytical Reference Standards

Calibration and spiking standards will be traceable
standard materials supplied by or traceable where
possible to a federal government agency such as
EPA, NBS, or USATHAMA. Where this is not possible,
analytical standards of highest available purity
will be purchased from available commercial sup-
pliers.

4.3.2.1 Calibration Check Standard

When the analyses a lot of analytical sam-
ples along with the required QC samples are
complete, a check calibration standard will
be analyzed. A check calibration standard
is one of the calibration standard solutions
used to develop the analytical calibration.
This calibration standard must be in the ac-
ceptable linear concentration range of the
calibration curve. Acceptability of the re-
sponse to calibration check standard is de-
termined by the QC chart as discussed in sec-
tions 4.4 and 4.6.

4.3.3 Standard Matrix Spike Sample

In each analytical sample lot one sample will be a
standard matrix spike consisting of a matrix as sim-
ilar as possible to the matrix of the analytical -- -
samples in the lot. The analyst will spike one of
these with a known amount of the analyte with the
acceptable calibration concentration range. The
standard matrix spike sample is carried through the
method as an analytical sample. In most cases la-
boratory reagent water water and/or a "clean" soil
will be used for the matrix. The results of this
spike sample will be used to monitor analytical ac-
curacy.
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4.3.4 Quality Control Sample Summary

Assuming that the analytical lot size for a param-
eter is twenty (20), the analyst would follow the
hypothetical analysis order shown in Table 1.

4.4 Quality Control Charts

Three QC charts will be constructed for each analytical
method (instrument - parameter) excluding the analyst.
The analyst will have his or her own ccde on the QC
chart. The QC charts are:

*1"An accuracY C chart based on the % recovery
of the standard matrix spike sample.

e A precision QC chart based on the relative
mean difference between the results obtained
from the analysis of duplicate sample ali-
quots.

e A precision QC chart based on the reproduc-
tability of the initial and shift calibration
slope.

e A Quality Control chart for monitoring ongoing
calibration.

The details of the QC chart construction with examples
are contained in the WESTON Analytical Laboratory Qual-
ity Assurance - Quality Control Manual.

4.5 Quality Control for Reporting Results

4.5.1 Detection Limit

There are three detection limits derived from the
method and the analytical experiment.

e Estimated detection limit.

* Detection limit calculated from the calibra-
tion data.

e The lowest concentration of the analyte in any
calibration standards.

None of the above detection limits applies to a
real environmental matrix for the analyte of con-

Icern. In most cases the actual detection limit
will be equal to or greater than the instrumental
detection limit which is reported. Upon request,
the actual detection limit for a given matrix can
be experimentally determined or estimated.

H-13



Table 1

Hypothetical Order.of Analysis for a Lot
Size of 20 Analytical Samples

Run # Description Comments

1 Reagent Blank Shift Calibration
2 Standard #1 Shift Calibration
3 Standard #2 Shift Calibration
4 Standard #3, Shift Calibration

5-11 Analytical Samples #4-7
12 Duplicate of Analytical Sample #5 QC Sample

13-16 Analytical Samples #8-11
17 Standard Matrix Spike QC Sample

18-24 Analytical Samples #12-18
25 Method Blank QC Sample
26-27 Analtyical Samples #19-20
28 Calibration Check Sample QC Sample

I
3

Notes:(a) A new lot can be analysed without a shift calibration if there

are no "out of control" situations and the analyst remains the
same. (i.e. return to run #5 and continue through run #28)

(b)Four (4) QC samples are required per lot of 20. This is 16 2/3%

of the runs.

H
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The analytical laboratory will report experimental-
ly observed detection limit from the calibration
data. The latter concentration will be the higher
concentration value of either the value obtained
from the calibration for regression analysis or the
lowest concentration calibration standard run.

4.5.2 Significant Figures

The general rule for the application of significant
'figures to. analytical environmental data is shown
in Table 2. -

4.5.3 Units

A few environment analytical parameters have their
own respective units such as pH, specific conductiv-
ity and turbidity. Most concentrations will be re-
ported in one of two units. Concentrations for

jliquid samples will be reported in micrograms per
liter (ug/L or ppb). Concentrations for solid sam-
ples will be reported as micrograms per kilogram
(ug/Kg/ppg) dry weight. Any deviation from this re-
porting format will appear in a footnote form.

4.5.4 Analytical Modifications

All changes and rationale for the changes from the
published WESTON Standard Analysis Plan, WESTON
Standard QA/QC Plan and the project's analysis plan
will be placed into a cover letter/report to the
client accompanying the final results and invoice.

4.5.5 Final Data Review

All analytical laboratory results will be reviewed
by the laboratory technical managers for the follow-
ing items:

o Completeness
o Reasonableness
* Conformance with the WESTON Standard Analyti-

cal Plan, WESTON Standard QA/QC Plan and the
project's analysis plan.

o Data above a regulatory limit, where appropri-
ate.

e Approval of the data by appropriate Section
Manager.

H-15



Table 2

Relationship of the Experimentally Found Detection Limit, Analyte Concen-
tration and Significant Figures in the Final Result

# of Significant
Detection Limit Concentration Range Figures

1 1-10 1

1 10- 1000 2

1 1000 3

Example: Detection Limit of 100 ug/Kg

Concentration Found Concentration Reported

1 84.3 ug/Kg ND

436.2 ug/Kg 400. ug/Kg

2178.6 ug/Kg 2200. ug/Kg

654266.5 ug/Kg 654000. ug/Kg
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4.5.6 Deliverables

The client will receive the following when the anal-
yses have been completed by the laboratory.

* Analytical Data including instrumental detec-
tion limits.

a Assurance that the WESTON Standard Analytical
Plan, WESTON Standard QA/QC Plan and the pro-I ject's analysis plan were followed.

* Assurance that all quality control samples
were in control.

e A cover letter.
a o Invoice

The client will not receive the following unless
specifically requested in writing (preferably in
the analysis plan):

o Raw data
* QC sample results (except for surrogate recov-

eries for GC/MS analyses.)
o Pertinent QC charts
e EPA, USATHAMA or other specialized data re-

ports.

4.5.7 Data Archiving

The analytical laboratory will maintain on file,-4 all the raw data, laboratory notebooks, and other
documentation pertinent to the work on a given pro-
ject. This file will be maintained in locked stor-
age for five (5) years from the date of the invoice
unless a written request is submitted for changes
the retention time.

Data Retrieval from archives will be handled in a
similar fashion to a request for analysis; specifi-
cally a written request, chain of custody, quota-
tion, three week turn-around time, etc.

4.6 Out of Control Situations

An "out of control" situation occurs when there are
experimental data for laboratory quality control

* jsamples which suggest that an analytical result may
jbe of questionable or unknown validity. It is the

duty of the analyst to identify the "out of .on-
trol" situation and notify the supervisor. The
supervisor will then recommend the appropriate cor-
rective action. (e.g. reanalysis, recalibration,
etc.). The out of control situation and corrective
action will be documented. The analysis of QC sam-



pies monitors precision, accuracy and laboratory contami-
nation for a particular analysis. The criteria for iden-
tifying out of control situations for laboratory QC sam-
ples are discussed below:

4.6.1 Blanks

Any reagent or method blank which contains any ana-
lyte greater than five (5) times the published de-
tection limit for the method - instrument - para-
meter -analytical. system is "out of control". Cor-rective action is required.

4.6.2 Duplicate Samples and Fortified Reagent
Blanks (Standard Matrix Spike)

• Any result from a split sample or a fortified rea-
gent blank that fulfills the following criteria for
"out of control" on the respective QC chart (See-the QA Manual) method/parameter requires corrective
action and/or written explanation for the accep-tance of the data without any corrective action.

* Any result that exceeds - 3 standard devia-
tion of the control value.

e The 5th consecutive value that has shown an in-
creasing or decreasing trend.

o The 7th consecutive value on the same side of
the central line (mean).

The results from analysis of duplicate samples can
be misleading where matrix homogenity is a problem
(e.g. soil, sluiges, sediments, multiphase liquid
samples) because of the difficulty in obtaining rep-
licate representative aliquots for analysis.

In these cases a written explanation (cover letter)
will be provided for data interpretation.

4.6.3 Calibration Check Standard

Any calibration check standard that fulfills the
criteria for "out of control" on the QC chart as de-
lineated in section 4.6.2 requires corrective ac-
tion.

4.6.4 Sample Cross Contamination or Interference

Any sample where there is any suspected cross con-
tamination from the previously analyzed sample must
be regarded as "out of control". Cross contamina-

-- m~um nnnnmm~ m lnn.



tion usually occurs after analysis of sample with
relatively high concentrations of analytes or inter-
fering compounds. Therefore, the analyst must be
aware of such occurences. To verify the result,
the sample must be reanalyzed immediately after an
acceptable blank run and the data for the reanaly-
sis compared with the original. Data will be care-
fully reviewed (e.g. order of analysis, historica.
data) by analysts and supervisors to ensure that
the data accurately represents the sample. (see
section 4.5.5) M

4.6.5 Instrument Malfunction

Any instrument malfunction is considered as a situa-
tion that necessitates corrective action (see sec-
tion 4.7). Written documentation of the malfunc-
tion and corrective action is mandatory (see sec-
tion 4.8).

4.7 Corrective Action

All "out of control" situations require immediate atten-
tion and corrective action. This corrective action will
be as follows:

9 . The analyst will immediately notify the appropriate
supervisor and document the out of control situa-

_3 tion in the laboratory notebook.

0 The supervisor will notify, in writing, the labora-
tory manager within 24 hours of the "out of con-
trol" situation, corrective action taken and re-
sult of corrective action. A copy will be provided
to the laboratory QA coordinator.

o The laboratory manager will notify the WESTON Ana-
lytics office of any "out of control" situations
that have not been corrected with 48 hours of their
occurence. A copy will be sent to the Vice Presi-
dent of Quality Assurance and Finance and the Vice
President of EEOD. A written report on the correc-
tive is required when the analyses are in control.

Corrective action requires the following steps:

_- J Analyses to be stopped immediately for the analyte
which is determined "out of control". No further
analyses for that analyte can be performed until
the "out of control" situation is corrected.

e Notification as shown above.



* Complete documentation in laboratory notebooks of
circumstances pertaining to the "out of control"3situation and corrective action(s) taken.

The laboratory manager must initial the documentation of
the successful corrective action after its completion
and must approve resumption of analysis. All of the sam-
ples affected by the "out of control" situation must be
reanalyzed. Data for any samples of an affected lot
which are not reanalyzed must be accompanied by clarifi-
cation for this decision.

4.8 Instrument Maintenance and Calibration

Each instrument in the analytical laboratory will have a
bound maintenance log for documenting instrument mainten-
ance. This maintenance log will be available near the in-
strument at all times and will be kept current.

4.8.1 Maintenance Information

The following maintenance information is required to be
recorded in the maintenance log.

* Detailed statement of maintenance activities includ-3ing time and date of maintenance and name of person
performing maintenance.

* Any telephone call regarding service/maintenance
(phone records) and service reports will maintained
in the maintenance log.

_3 e Routine maintenance schedule should appear with a
check list in the front of the maintenance log.

Instrument Manuals should be maintained in a central
file and should be available as necessary.

4.8.2 Calibration Information *

The following instrument calibration information should
be recorded in the laboratory notebook (see Sec. 4.1).

Calibration of some laboratory instruments such as a
pH meter, is inconsistent with calibration criteria des-
cribed in Section 4.1. These instruments will have spe-
cific SOPs written for calibration. The instruments
which are included in this category are so noted in the
WESTON Analytical Laboratory QA/QC Manual.

A2



" Instrumental conditions which are used.

" Time and date.

" Lot(s) to be analyzed

* Calibration data including slope of calibration
line and; correlation coefficient of calibration
data (response vs concentration).

o The detection.limi-( calculated from the calibra-
tion data or the lowest concentration calibration
standard).

* The acceptable linear concentration range of cali-
bration.

Ht-21
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5.0 QUALITY ASSURANCE

25.1 Organization
The corporate quality assurance function is defined in the
Corporate OP-03-07. The analytical laboratory portion of

the QA organization is shown in Figure 1. This organization
is specifically designed to allow independent audit of the
laboratory analytical operations. There are no administra-
tive supervisory relationships between the laboratory manage-
ment and WESTON Analytics, including the laboratory QA co-
ordinator.

5.2 Responsibilities of- the QA Organization

5.2.1 Internal'Audits

Continuous audit of the analytical laboratory will be per-
formed in order to ascertain and ensure compliance with the
WESTON Standard QA/QC Plan, WESTON Standard Analytical Plan,
the WESTON analytical laboratory QA/QC Manual and project
analysis plans.

5.2.2 Third Party Audits

ZArranging for and scheduling third party audits will be the
responsibility of the QA coordinator and laboratory manager.2] This will include:

* Preparation of the analysis plan for all third party
performance samples.

] Review all the results and documentaticn for third
party performance samples.

j Approve in writing all final reports and
documentation for third party performance samples.

7 5.2.3 "out of Control" Audits

All "out of control" events will be continuously audited.

5.2.3.1 Termination of an Analytical Procedure

The Director of QA/QC Programs has the authority
after notice (see Sec. 4.7) to terminate an analyti-
cal procedure due to the lack of compliance with any

- single aspect of the WESTON Standard QA Plan, WESTON
Standard Analytical Plan, or WESTON Analytical Labora-
tory QA/QC Manual.
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5.2.3.2 Restart of Terminated Analytical Proce-
jdures

The Director of QA/QC Programs must approve the re-
start of any analytical procedures which are "out of
control" and have been terminated.

5.2.4 Quality Control Sample Results

Results of analysis of all quality control samples must be
reviewed and approved in writing by the laboratory QA coor-]dinator. These samples are required by the WESTON Standard
QA/QC Plan and include all third party performance samples,
and all blind WESTON .C s~anples. As described in detail in
the WESTON Analytical Laboratory QA/QC Manual the following
QA samples may be required as part of a project QA program.

o Blanks ,
- Reagent Blank
- Method Blaq
- Trip Blank **
- Field Blank

e Replicates
- Field duplicate samples Jor replicate)
- Laboratory split samples

o Spikes
- Field spiked sample (one sample of field split-

samples).
- Laboratory matrix spiked sample. •
- Laboratory standard matrix spiked sample

* Performance Samples.3 - Third party samples
- WESTON "blind" samples

Samples required by the WESTON Standard QA/QC Plan. Re-
sults of these samples will be checked on a parameter basis
during routine audits unless specifically requested by the
project analysis plan.

These samples are currently not required by the stan-
dard laboratory QA/QC plan. However for specific analyses
(e.g. analysis of volatile organic compounds in aqueous sam-
ples) it is important that the persons collecting the sam-
ples give strong consideration to including field and trip
blanks in the samples submitted for analysis. This require-
ment will be addressed in the preparation of the project sam-
pling and analysis plan.
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5.2.5 Reports and Deliverables

5.2.5.1 Quarterly QA Reports

A quarterly QA report to the Director of QA/QC Programs must
be prepared by WESTON Analytics by the 15th of January,
April, July, and October of each year. The quarterly report
will be a summary of all laboratory audit results, zesults
from blind samples, performance samples, and project analy-
sis plan QA samples, and "out of control" situations. Recom-
mendations for future improvements and actions mus,- be in-
cluded in this report.

5.2.5.2 Annual QA Report-

An annual QA report will be prepared by WESTON Analytics by
January 15 of each year. The annual report will surmzarize
activities and performance of the total WESTON QA system as
it relates to analytical laboratories. QA/QC goals for the
next year with appropriate action plans, milestones, and

7costs are to be included in the report.

5.2.5.3 "Out of Control" Report

The report required by Section 4.7 must be reviewed by the
laboratory QA coordinator. The report with QA coordinator
comments will be forwarded through WESTON analytics to the
Director of QA/QC Programs.

5.2.5.4 Project QA Report (special project requirement)

If the project analysis plan requires the analysis of any QC
samples(s) beyond those required by the laboratory QC plan
or requires an audit of data documentation, the Laboratory
Manager must perform the tasks to comply with the project's
analysis plan.

5.2.5.5 Third Party Performance Sample Report

Results of analysis of third party performance samples must
be reviewed by the laboratory QA coordinator and a summary
report prepared, before the results can be forwarded to the
third party.

5.2.5.6 A Non-Compliance Report

Any non-compliance with the WESTON QA system, plans, or pro-
tocols observed by the QA coordinator will be reported at
the earliest possible time, in writing, to the laboratory
manager. If the situation has been corrected within 48
hours then the written report will be filed by the QA coordi-
nator. However, if the situation is not corrected with 48
hours then the following action is required:
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0 The laboratory QA coordinator and the laboratory manag-
er must submit to QA/QC Director of Programs, a correc-
tive action plan.

jCorrective action plan shall include the following informa-
tion:

* Description of the non-compliance situation.
* Detailed Action Plan
* Milestones with projected completion dates.
0 Estimated cost and/or loss of revenue associated with

the action plan.
* If the QA/QC Director of Programs approves the action

plan, necessary acti6b will be carried out by the labor-]atory manager and monitored by the QA coordinator.
* If agreement on an appropriate action plan cannot be

reached, the Director of QA/QC Programs will make the
final determination of the actions to be taken.

5.2.5.7 WESTON Analytical Laboratory QA/QC Manual

iThe laboratory technical staff, the QA Coordinator, and the
Director of QA/QC Programs are responsible for reviewing the
WESTON Analytical Laboratory QA/QC Manual on an annual bas-
is. This will include the WESTON Standard QA/QC Plan and
the WESTON Standard Analytical Plan.

1

]
1

A
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6.0 SUBCONTRACTED ANALYSES

All subcontracted analyses will be sent to a WESTON "approv-
ed" laboratory. The criteria for the WESTON approved labora-]tory are:

* Evidence of required regulatory authority approval/cer-
tification as appropriate.

o WESTON Analytics on-site inspection and recorrendation.
o Review and evaluation of work quality

I A copy of the following documents must accompany the sam-
ple(s).

- Chain of Custody forms
- WESTON analytical laboratory services agreement in-

cluding conditions and appropriate attachments
- WESTON SOP for the analytical procedures(s)

The WESTON laboratory manager is responsible for all of the
required documentation that must accompany any subcontracted
work. The WESTON laboratory manager or designee has the
"right of first refusal" of all analytical work generated by
WESTON personnel. If the work is refused, the laboratory
manager will take responsibility for subcontracting the work
to an acceptable laboratory and will ensure compliance with
the WESTON Standard QA/QC Plan, WESTON Standard Analytical
PLan, WESTON Analytical Laboratory QA/QC Manual and the
WESTON project's analysis plan.

I
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APPENDIX I

LABORATORY ANALYTICAL REPORTS
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Date of Report: 31 January 198bT

DATA SUMMARY FOR: OT1S AIR NATIONAL GUARD BASE

DATE SAMPLES COLLECTED: 13 Dec. 1984 DATE EXTRACTED: 26 Dec. 1014

RFW NO.: 8412-992-0010 DATE ANALYZED: 29 Jan. 1985

SAMPLE DESCRIPTION: Header #12

GC/MS FRACTION

BASE/NEUTRAL COMPOUNDS

Units of Concentration ug/L x

mg/L_______
Dilution ='100/0 Other______

Detection Limit = 200 1pq/L
Detection Limit for genzidine(only)=0,fluc

Acenaphthene N.F. Diethyl Phthalate N.F.

Acenaphthylene N.F. Diniethyl Phthalate N.F.

Anthracene -. F Di-N-Butyl Phthalate N. F.

Benzidine mI.F. 2,4 Dinitrotoluene N.F.
Benzo (a) Anthracene N.F. 2,6 Dinitrotoluene N.F.0

Benzo (a) Pyrene N.F. Di-N-Octyl Phthalate N.F.

3,4 Benzo-fluoranthene Nl.F. 1,2 Diphenyl hydrazine tV.F.

Benzo (ghi) Perylene N.F. Fluoranthene N.F.

Benzo (k) fluoranthene N.F. Fluorene .N.F.
Bis (2-chloroethoxy) Methane N.F. Hexachlorobenzene N.F.

Bis (2-chloroethyl) ether N.F. Hexachiorobutadiene N.F.

Bis (2-chioroisopropyl)'ether N.F. HeXachlorcc.yclopentadiene N.F.

Bis (2-ethyl hexyl) phthalate 1,300 Hexachioroethane N.F.

4 Bromophenyl phenyl ether N.F. Indeno (1,2,3-cd) Pyrene ________

Butyl Benzyl phthalate 1'.00 Isophorone N.F.

2-Chi oronaphthal ene N. F. Naphthal ene N.F.

4-Chlorophenyl phenyl ether N.F. Nitrobenzene. N.F.

Chrysene N.F. N-Nitrosodimethylamine N.F.

Dlbenzo (a.h) Anthracene N.F. N-Nitroso di-N-propylamine N.F.

1,2 Dichlorobenzene N.F. N-Nitrosodiphenylamine N.F.

1,3 Dlchlorobenzene N. F. Pherianthrene __1.__F. _

1,4 Dichlarobenzene N.F. Pyrene ________

3,3'. Dlchlorobenzidine N.F. 1,2,4 Trichlorobenzene N. F.

Other 2-4ethy napthalene 260
N.F. = Not Found (concentrations below detection limits)

Surrogate Recoveries
2-Fluorophenol 72 Approved By: se h
Nltrobenzene-d5 104 1-40 ar fl-H~in, hD

Director, WESTnMh Analytical Labs--



Date of Report: 31 January 1985

DATA SUMMARY FOR: OTIS AIR NATIONAL GUARD BASE

DATE SAMPLES COLLECTED: 13 Dec. 1984 DATE EXTRACTED: 26 Dec. 1994

RFW NO.: 8412-992-0010 DATE ANALYZED: 29 Jan. 1935

SAMPLE DESCRIPTION: Header #12

GC/MS FRACTION

ACID COMPOUNDS

Units of Concentration ug/L x

mg/L

Other

Detection Limit = 200 un/L

2 Chlorophenol N.F.' Dilution = 10%

2,4 Dichlorophenol 1I.F.

2,4 Dimethylphenol 20<x<200

4,6 Dinitro-O-Cresol N.F.

2,4 Dinitrophenol N.F.

2 Nitrophenol N.F.

4 Nitrophenol N.F.

P Chloro-M-Cresol N.F.

Pentachlorophenol 
N.F.

Phenol 780

2,4,6 Trichlorophenol. N.F.

Other

2-Methylphenol 610

4-Methylphenol. 930

N.F. = Not Found (concentrations below detection limits)

Surrogate Recoveries: %
2-Fluorophenol
Nitrobenzene-d s  104

Approved B
arl Hahs n, Ph.D.

Director
WESTnN Analytical Labs
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Date of Report: 31 Januarv 1985

DATA SUMlMARY FOR: OTIS AIR NATIONAL GUARD BASE

DATE SAMPLES COLLECTED: 13 Dec. 1984 DATE oF EXTRACTION: Not Extracted
RF?4 NO.: V>12-992-0020 5ATE OF ANALYSIS: 30 Jdnuary 13
SAMPLE DESCRIPTION: Header #7

GC/MS FRACTION

BASE/NEUTRAL COMPOUNDS

Units of Concentration ug/L x

- ~~~mg/ L______

Other_______
Detection Limit =10,000 Wq/L

Acenaphthene N.F. Diethyl Phthalate N.F.

Acenaphthylene N.F. Dimethyl Phthalate ________

Anthracene N.F. Di-N-Butyl Phthalate N.F.

Benzidine N.F. 2,4 Dinitrotoluene N.F.

Benzo (a) Anthracene N.F. 2,6 Dinitrotoluene N. F.

Benzo (a) Pyrene N.F. Di-N-Octyl Phthalate N.F.

3,4 Benzo-fluoranthene N.F. 1,2 Diphenyl hydrazine N. F.

Benzo (ghi) Perylene N.F. Fluoranthene N.F.

Benzo (k) fluoranthene 1F Fluorene NF
Bis (2-chioroethoxy) Methane F. Hexachlorobenzene N.F.

Bis (2-chioroethyl) ether NJ.F. Hexachlorobutadiene N.F.

Bis (2-chioroisopropyl) ether .F. Hexachiorocyclopentadiene N.F.

Bis (2-ethyl hexyl) phthalate N.F. Hexachioroethane N.F.

4 Brornophenyl phenyl ether N.F. -Indeno (1,2,3-cd) Pyrene N.F.

Butyl Benzyl phthalate N.F. Isophorone N.F.

2-Chlaronaphthalene N.F. Naphthalene l 90oo<x <1 ' .1

4-Chiorophenyl phenyl ether N.F. Nitrobenzene N.F.

Chrysene N. F. N-Ni trosodimethyl amine N.F.

Dibenzo (ah) Anthracene N.F. N-Nitroso di-N-propylamine N.F.

1,2 Dichlorobenzene N.F. N-Nitresodiphenylamine N.F.

1,3 Dlchlorobenzene N.F. Phenanthrene N.F.

1,4 Dichlorobenzene N.F. Pyrene N.F.

3,3' Dichlorobenzidine N.F. 1,2,4 Trichlorobenzene N. F.

Other 2-Methylnapthalene ld,no l
N.F. = Not Found (concentrations below detection limit$
No SurrogatesAprvdB:/ j4 --

1-42 ar M.Hnsn
_______________Director, WESTON Analytical Labs



Date of Report: 31 January lQ85

DATA SUMMARY FOR: OTIS AIR NATIONAL GUARD BASE

DATE SAMPLES COLLECTED: 13 Dec. 19n4 DATE OF EXTRACTION: NOT EXTRACTE-

RFW NO.: 8A12-992-0020 DATE OF ANIALYSIS: 30 Jan. IOP5

SAMPLE DESCRIPTION: Header #7

GC/MS FRACTION

ACID COMPOUNDS

Units of Concentration ug/L x

mg/L

Other

Detection Limit: 1O,oon un/L

Dilution = 0.1,

2 Chlorophenol

2,4 Dichlorophenol N.F.

2,4 Dimethylphenol N.F.

4,6 Dinitro-O-Cresol N.F.

2,4 Dinitrophenol N.F.

2 Nitrophenol N.F.

4 Nitrophenol N.F.

P Chloro-M-Cresol N.F.-

Pentachlorophenol N.F.

Phenol N.F.

2,4,6 Trichlorophenol N.F.

Other N.F.

N.F. = Not Found (concentrations below detection limits)

No Surrogates A v y

Approved By:_______________

Eirl M. Hansen, Ph.D.
Director
WESTON Analytical Labs
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Date of Report: 31 January' 1905

DATA SUMMARY FOR: OTIS AIR NATIONAL GUARD BASE
DATE SAI"PLES COLLECTED: 13 Dec. 1984 DATE EXTRACTED: 26 Dec. 19934
RFW NO.: 8412-992/ DATE ANALYZED: 29 Jan. 1095

SAMPLE DESCRIPTION: 0.1. Blank

GC/MS FRACTION

BASE/NEUTRAL COMPOUNDS

Units of Concentration ug/L__x
mg/L_______

Other_______
Detection Limit = 200 vqIL
Detection Limit for Benzidine (only) = 20fl0 jj/L

Acenaphthene N.F. Diethyl Phthalate NF
Acenaphthylene N.F. Dimethyl Phthalate N1.F.

Anthracene N.F. Di-N-Butyl Phthalate N.F.

Benzidine N.F. 2,4 Dinitrotoluene NI.F.

Benzo (a) Anthracene N.F. 2,6 Dinitrotoluene N.F.

Benzo (a) Pyrene N.F. Di-N-Octyl Phthalate 86_____

3,4 Benzo-fluoranthene N.F. 1,2 Diphenyl hydrazine N.

Benzo (ghi) Perylene N.F. Fluoranthene N.F.

Bfenzo (k) fluoranthene N.F. Fluorene N.F.

Bis (2-chloroethoxy) Methane__N.F. Hexachlorobenzene N.F.

Bis (2-chioroethyl) ether N.F. Hexachiorobutadiene ________

Bis (2-chlor.)isop .ropyT) etherH.P. Hexachiorocyclopentadiene ________

Bis (2-ethyl hexyl) phthalateN.F. Hexachloroethane N.F.

4 Bromaphenyl phenyl ether N.F.. Indeno.(1,2,3-cd) Pyrene ________

Butyl !3enzyl phthalate .F. Isophorone N.F.

2-Chi oronaphthal ene N. F. Naphthal ene N.F.

4-Chiorophenyl phenyl ether N.F. Nitrobenzene N.

Chrysene N. F. N-Ni trosodimethyl amine _________

Dibenzo (a.h) Anthracene N.F. N-Nitroso di-N-propylamine N.F.
1,2 Dichlorobenzene N.F. N-Nltrosodiphenylamine N.F.

1,3 Dichlorobenzene N.F. Phenanthrene N.F.
1,4 Dichlorobenzene N.F. _ Pyrene N.F.
3,3'- Dichlorobenzidine N.F. 1,2,4 Trichlorobenzene N.F.

Other N. F.
N.F. = Not Pound (concentrations below detection limits)

Surrogate Recoveries % Apoe y
2-Fl uoro-phenol ApprovenBy: r . an f
ds-Nltrobenzene 63 1-44 Director, 'LfESTON Analytical Labs



Date of Report:. 31 January 1985

DATA SUMMARY FOR: OTIS AIR NATIONAL GUARD BASE

DATE SAMPLES COLLECTED: 13 Dec. 1984 DATE EXTRACTED: 26 Dec. 198

RFW NO.: A!-992/ DATE ANALYZED: 29 Jai,. 1985

SAMPLE DESCRIPTION: D.I. Blank

GC/MS FRACTION

ACID COMPOUNDS

Units of Concentration ug/L x

ma/L_.._ .

Other

Detection Limit = 20 un/L

2 Chlorophenol N.F'.

2,4 Dichlorophenol N.F.

2,4 Dimethylphenol N.F.

4,6 Dinitro-O-Cresol N.F.

2,4 Dinitrophenol 
F.

2 Nitrophenol 
N.F.

4 Nitrophenol 
N.F.

P Chloro-M-Cresol 
N.E.

Pentachlorophenol N.F.

Phenol N.F.

2,4,6 Trichlorophenol N.F.

Other N.F.

N.F. = Not Found (concentrations below detection limits)

Surrogate Recoveries %
2-Fluorophenol 100
d5-Nitrobenzene 63 Apoe y______________Approved By:

Earl M.Han-seh, Ph D.
Director
WESTON Analytical Labs
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DEIGNS OSLT ANTS

inter- office memorandum

TO: Judith Porta DATE: 28 January 1985

FROM: Carter Nulton -'

SUBJECT: OTIS AFB SAMPLES W. 0. No.:
RFW#'s 8412-992-0010 - 0070
(CLIENT I.D. S-1 to S-7)

Sample 0010 was extracted with hexane and analyzed by capillary column
GC/FID (30 meter DB-5); samples 0020 - 0070 were diluted 1:100 in hexane
and analyzed using the same conditions. The resulting GC profiles of
0010 and 0020 were compared to those obtained from the pure products
and the following observations are made:

1. 0010 - is similar to 0050 (see Fig. 1) except that the
"high ends" (peaks at retention times 61.34, 63.59,
69.67, 77.29 and 84.16 on Fig. 1-4) in 0010 are of
lower concentration than in 0050. The concentration
of 0010 calculated on the basis of selected lower
molecular weight peaks (A-E on Fig. 1) is 480 mg/L.
If the "high ends" are used, the concentration is 20 mg/L.

2. 0020 - is similar to 0050 (see Fig. 2) except that the
lower molecular weight peaks (those eluting between the
solvent and 50 minutes) are gone.

Sample 0020 is completely miscible in hexane.

CN:bwm

RFW: 2-74-39 1-46



Fig. 1A - Sample 0010
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Fig. 2A -Sample 0020

"high ends"
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Fig. 2B -Sample 0050
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23 January 1985

OTIS A.N.G.
FINAL REPORT-THC

SAMPLES SUBMITTED: 5 OCT. l9,1
W.O. NO.: 0628-nn-.98

R.F.W. NO. SAMPLE DESCRIPTION TOTAL FUEL HYDROCARBONS, mg/Kq

8410-712-0010 TP1 <1
-0020 TP9 <1
-0030 TP14 <1
-0040 TP16 <1
-0050 TP3A <1
-0060 TP6A <I
-0070 TP7A <1
-0080 TP-8A <1

NOTE: The method used to deter- /
mine the presence of /1

hydrocarbons in these
soils was extraction of'.1,1
a 1 gm. sample with Approved By: I ,/ ' -
hexane, then analysis Earl M. Hansen, Ph.D.
by FID-GC with a 30 Director
meter fused silica Analytical Lab
capillary column.
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R E C E1V EDR C VEDate of Report: 23 January 1985

ROY F. \ ESTON, INC.
CONCC;-D C,. --77

OTIS A.N.G.
SUMMARY THC REPORT

SAMPLES SUBMITTED: 30 NOV. 1984
W.O. NO. 0628-05-28

R.F.W. NO. SAMPLE DESCRIPTION TOTAL FUEL HYDROCARBONS, mg/L

8411-829-0080 Well 8 <1

-0090 Well 9 <1

-0i00 Well 10 <1

-0110 Well 10A <1

-0120 Well 11 <1

NOTE: The method used to determine the oresence of
hydrocarbons was by FID-GC with a 30 meter
fused silica capillary column.

Approved By: _

Earl M. Hansen, Ph.D.
Director
Analytical Lab
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829/

SAMPLE DESCRIPTION: Lab Blank

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform, NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene NF

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other

Dichlorobromomethane NF Detection Limit = 10 ug/L

Dichlorodifluoromethane NF Xylene NF

1,1 Dichloroethane NF Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPOR~T: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0010

SAMPLE DESCRIPTION: Well 1

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L_______

Other______

Acrolein NF Methylene Chloride NF
Acrylonitrile NF 1,1,2.2 Tetrachioroethane NF

Benzene NF Tetrachioroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,1 Trans'Dichioroethyle-ne NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichioroethane NF

Chiorodibromornethane NF Trichi oroethylene 12
Chioroethane NF Trichiorofluoromethane NF

2-Chioroethylvinyl Ether NF Vinyl Chloride NF

Chl oroformn NF .Other ______

Di chiorobromomethane NF .Detection Limit = 10 ug/L_______

Dichlorodiflucromethane NFXylene N F

1,1 Dichloroethane NF Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyrl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane INF
Ethyl benzene NF

Chloromethane NF

1,3-Trans Dichlaropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0020

SAMPLE DESCRIPTION: Well 2-A

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,*2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 29

Chloroethane NF Trichlorofluoromethane NP

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF .Other

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluoromethane NF Xylene F

1,1 Dichloroethane NF 'Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-329-0030

SAMPLE DESCRIPTION: Well 3-A

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene in

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 14

Chloroethane -- NF Trichlorofluoromethane in

2-Chloroethylvinyl Ether .IF Vinyl Chloride NF

Chloroform NF Other _

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dich*orodifluoromethane NF Xylene NF

1,1 Dichoroethanem NF Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene. NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0040

SAMPLE DESCRIPTION: Well 4

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L_______

Other______

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachioroethane NF

Benzene NF Tetrachioroethylene NF

Brvrnomethane NF Toluene NF

Bromoforn NF 1,2 Trans'Dichioroethyle'ne NF

Carbon Tetrachloride NP 1,1,2 Trichioroethane NF
Chlorobenzene, NP 1,111 Trichioroethane 2
Chl orodibromomethane NF Trichi oroethyl ene 13

Chioroethane NF Trichiorofluorornethane 10

2-Chloroethylvinyl Ether NP Vinyl Chloride NF

Chloroform NP .Other ______

Dichlorobromornethane NF .Detection Limit = 10 ug/L ______

Dichlorodifluoromethane 'NF Xylene -____NF __

III Dichloroethane, NF Methyl Isobutyl Ketone NF

1,2 Dichioroethane NF Methyl Ethyl Ketone NF

1,1 Dlchloroethylene NF

1,2 Dichloropropane NF

Ethyl benzene NF

Chioromnethane NP

1,3-Trans Dichloropropene NF

1,3-Cis Dichiaropropene NP
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0050

SAMPLE DESCRIPTION: Well 5

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentratior ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene 10

Bromomethane NF Toluene N F

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane _NF Trichloroethylene

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluoromethane NF Xylene NF

1,1 Dichloroethane NF Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans 0ichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS APB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0060

SAMPLE DESCRIPTION: Well 6

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein - NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 10

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other
Dichlorobromomethane NF. .Detection Limit = 10 ug/L

Dichlorodifluoromethane NF Xylene NF

1,1 Dichloroethane NF Methyl Isobutyl Ketone 14F

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Oichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984 '

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0070

SAMPLE DESCRIPTION: Well 7

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L x

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethyle'ne NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 13

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF .ther

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluoromethane NF Xylene NF

1,1 Dichioroethane NF Methyl Isobutyl Ketone NF

1,2 Dichloroethane NF Methyl Ethyl Ketone NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0080

SAMPLE DESCRIPTION: Well 8

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF. Trichloroethylene 12

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluoromethane NF

1,1 Dichloroethane NF.

1,2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 3411-829-0090

SAMPLE DESCRIPTION: Well 9

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 12

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other

Dichlorobromomethane NF .Detection Limit 10 ug/L

Dichlorodifluoromethane NP
1,1 Dichloroethane NF

1,2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane _NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 17 December 1984

DATA SUMMARf: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0100

SAMPLE DESCRIPTION: Well 10

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 12

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other
Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluororiethane NP
1,1 Dichloroethane NF .Xylenes 66

1,2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene 13

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF



DATE OF REPORT: 17 December 1984

DATA SUMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0110

SA4PLE DESCRIPTION: Well 1OA

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

• .. mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF i,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 12

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether MF Vinyl Chloride NF

Chloroform NF .0ther

Dichlorobromomethane NF .Detection Limit = 10 ug/L

Dichlorodifluoromethane fF

1,1 Dichloroethane. NF Xyienes 14

1,2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene _ _

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene UF
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DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0120

SAMPLE DESCRIPTION: Well 11

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acrolein NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 12

Chloroethane NF  Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform IF Other

Dichlorobromomethane NF .Detection Limit = 10 ug/L _

Dichlorodifluoromethane NF
1,1 Dichloroethane NF

1.2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF

T-f3



DATE OF REPORT: 17 December 1984

DATA SUMMARY: OTIS AFB

DATE RECEIVED: 11/10/84, ANALYZED: 12/4/84

RFW NO.: 8411-829-0130

SAMPLE DOSCRIPTION: Well 12

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L X

mg/L

Other

Acroleir NF Methylene Chloride NF

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NF

Chlorodibromomethane NF Trichloroethylene 11

Chloroethane NF Trichlorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF Other
Dichlorobromomethane NF .Detection Limit 10 ug/L

Dichlorodifluoromethane NF

1,1 Dichloroethane NF -Acetone 27

1,2 Dichloroethane NF

1,1 Dichloroethylene NF

1,2 Dichloropropane NF

Ethylbenzene NF

Chloromethane NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloroproperie NF
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DATA SUMMARY: OTIS AF'B Date of Report: 30 November, 1984

DATE: Samples Collected: 1,2 October 1984

RFW 140.: 8410-712/

SAMPLE DESCRIPTION: Lab Blank 11/9

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L x

mg/ L ____

Other_______

Acrolein NF Methylene Chloride NF

Acryl oni tril1e NF 1,1,2,2 Tetrachioroethane NF

Benzene NF Tetrachioroethylene NF

Bromonrethane NF Toluene NF

Brornoforn NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride Nr: 1,1,2 Trichiloroethane NF

Chlorobenzene NF 1,1,1 Trichioroethane NF

Chiorodibromomethane NP Trichioroethylene NF

Chioroethane NF Trichiarofluoromethane NF

2-Chioroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF .Other ______

Dichlorobromomethane NF

Dichiorodifluorornethane NF ______

1,1 Dichioroethane NF

1,2 Dichloroethane NF

1,1 Dichloroethylene NF _____________ _____

1,2 D~ichloropropane NF Detection Limit: 10

Ethyl benzene NF

Chioromethane NF

1,3-Trans Oichloropropene NF

1,3-Cis Dichloropropene NF
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GAFE INTERIM REPORT: 10 January 1985

OTIS A.F.B.
INTERIM REPORT FOR
SAMPLES RECEIVED NOVEMBER 9, 1984

R.F.W. NO. SAMPLE HARDNESS TOTAL Fe SO4 : CL- N03-N TKN NH-N
DESCRIPTION mg/L mg/L mg/L mg/L mg/L mg/L mg/L

8411-829-0010 WELL 1 25 32.6 23.1 9.0 <0.5 1.6 1.3

8411-829-0020 WELL 2-A 25 0.11 6.6 11.8 <0.5 <0.3 <0.03

8411-829-0030 WELL 3-A 34 0.15 7.9 14.7 <0.5 <0.3 <0.03

8411-829-0040 WELL 4 20 0.09 6.3 16.4 <0.5 <0.3 <0.03

8411-829-0130 WELL 12 2 0.09 <2.0 1.9 <0.5 <0.3 <0.03

R.F.W. NO. SAMPLE PHENOLICS TOTAL Pb O/G

DESCRIPTION m/L. ma/L mglL

8411-829-0080 WELL 8 <0.005 <0.01 0.16 mg/L

8411-329-0090 WELL 9 <0.005 0.022 0.13 mglL

8411-829-0100 WELL 10 <0.005 <0.01

8411-829-0110 WELL 1OA .006 <0.01

8411-829-0120 WEiL 11 <0.005 <0.01

9411-829-013) WELL 12 <0.005 NOT REQUESTED

R.F.W. NO. SAMPLE PHENOLICS

DESCRIPTION mg/L

8411-829-0010 WELL 1 0.007

8411-829-0020 WELL 2-A <0.005

8411-829-0030 WELL 3-A <0.005

8411-829-0040 WELL 4 <0.005 APPROVED BY:' .,7 .

8411-829-0090 WELL 5 <0.005 Earl M. Hansen, Ph.D.
Director

8411-829-0060 WELL 6 <0.005 Analytical Laboratory

8411-829-0070 WELL 7 <0.005

**Result not yet reported. 1-66



OTIS AFB

Enclosed are the data for the analysis of four soil samples
from Otis AFB. Methylene chloride was detected in Sample TP-4
and TP-16 at concentrations of 1100 ug/Kg and 810 ug/Kg respectively.

Acetone was also detected in Sample TP-4 at 52 ug/Kg. Since no
methylene chloride was detected in the laboratory blank, the
presence of methylene chloride in these samples is not due to
laboratory contamination. No other volatile compounds were
detected in these samples.
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DATE OF REPORT: 30 NOVEMBER 1984

DATA SUMMARY: OTIS AFB

DATE SAMPLES COLLECTED: Octo~ber 1, 2, 198'4

RFW NO. : 8410-712.-O10

SAMPLE DESCRIPTION: TP 1

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L______

mg/L_______

Other uc/Kq

Acrolein NF Methylene Chloride 1~x<50

Acrylonitrile NF 1,1,2,2 Tetrachioroethane NF

Benzene NF Tetrachi oroethyl ene NF

Bromomethane NF Toluene NF

Bromoform NF 1,'2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichioroethane NF

Chlorobenzene NF 1,1,1 Trichioroethane NF

Chiorodibromome thane NF Trichioroethylene NF

Chioroethane NFTrichiorofluoromethane NF

2-Chioroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF .Other ______

Dichiorobromomethane ___________F_________

Dichlorodifl1uoronethane. -NF'

1,1 Di'chioroethane NF____________________

1,2 Dichloroethane NF ___________________

1,1 Dichioroethylene NF

1,2 Dichioropropane NF

Ethylbenzene NF Detection Limit: 50
Chioromethane NF

1,3-Trans Dic.1loropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 30 NOVEMBER 1984

DATA SUMMARY: OTIS AFB

DATE SAMPLES COLLECTED: October 1, 2, 198"4

RFW NO.: 8410-712-0020

SAMPLE DESCRIPTION: TP 9

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L

mg/L

Other ucT/

Acrolein NF Methylene Chloride 1100

Acrylonitrile NF 1,1,2,2 Tetrachloroethane NF

Benzene NF Tetrachloroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 1,2 Trans Dichloroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichloroethane NF

Chlorobenzene NF 1,1,1 Trichloroethane NP

Chlorodibromomethane NF Trichloroethylene NF

'hloroethane NF Trichlbrofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform NF .Other

Dichlorobromomethane NF

Dichloodffuorbmethane _____ ___________________

1,1 Dichioroethane NF ______

1,2 Dichloroethane _____ ___________ _____

1,1 Dlchioroethylene NF _____________ _____

1,2 Dichloropropane NF

Ethylbenzene NF Detection Limit: 50

Chioromethane _NF

1,3-Trans Dichloropropene NF

1,3-Cis Dichloropropene NF
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DATE OF REPORT: 30 NOVEMBER 1984

DATA SUMMARY: OTIS AFB

DATE SAMPLES COLLECTED: October 1, 2, 1994

RFW NO.: 8410-712-0030

SAMPLE DESCRIPTION: TP 14

GC/MS-FRACTION

VOLATILE COMPOUNDS

Units of Concentration ugiL______

mg/L_______

Acrolein NF Methylene Chloride 1<x<50

Acrylonitrile NF 1,1,2,2 Tetrachioroethane NF

Benzene NF Tetrachioroethylene NF

Bromomethane NF Toluene NF

Bromoform NF 4,2 Trans"Dichioroethylene NF

Carbon Tetrachloride NF 1,1,2 Trichioroethane NF

Chlorobenzene NF 1,1,1 Trichioroethane NF

Chiorodibronoie thane NF Trichi oroethyl ene NF

Chioroethane NF Trichiorofluoromethane NF

2-Chloroethylvinyl Ether NF Vinyl Chloride NF

Chloroform -NF Olther ______

Dichiorobromornethane NF Acetone 52

1Dichioroethane NEian

1,1 Dichloroethylne N

1,2 Dichioropropane, NF

Ethylbenzene NE Detection Limit: 50

Chioromethane NF

1,3-Trans ichioropropene NF

1,3-Cis Dichioropropene NF
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DATE OF REPORT: 30 NOVEMBER 1984

DATA SUMMARY: OTIS AFB.

DATE SAMPLES COLLECTED: October 1, 2, 1994

RFW NO.: 8410-712-0040

SAMPLE DESCRIPTION: TP 16

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concezntration ug/L______

mg/L_______

-Other lyvrKq

Acrolein NF Methylene Chloride .310

Acrylonitrile NF' 1,12,2 Tetrachloroethane NF_____

Benzene NF Tetrachioroethylene NF

Bromorethane NF Toluene ______

Brornoform NF 1,"2 Trans Dichioroethylene NF'

Carbon Tetrachloride NF 1,1,2 Trichioroethane _______

Chlorobenzene NF' 1,1,1 Trichioroethane N______

Chi orodibromomethane NF' Trichi oroethyl ene NP

Chioroethane NF' Trichiorofluoromethane NF

2-Chioroethylvinyl Ether NF____ Vinyl Chlor'ide NF

Chloroform 1<x<50 .Other ______

Dichiorobromomethane NF' Acetone 1<x<50

Oichlorodifluoromethane. NE' 2-B i2tanone 1<x<50

1,1 Dichloroethane 'NE'___________________

1,2 Dichioroethane N

1.1 Dichloroethylene NF'

1,2 Dichioropropane NF

Ethylbenzene NF' Detection Limit: 50

Chioromethane NE'

1,3-Trans Oichioropropene NE'

1,3-Cis D ichloropropene NF'
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y:OTIS APR Data of Report: 30 November, 1984

lSIPes Col lected: 1,2 October 1984

.IPLE DESCRIPTION: Lab Blank 11/9

GC/MS FRACTION

VOLATILE COMPOUNDS

Units of Concentration ug/L______
mg/L_______

Other ug/kg

'~~enNF Methylene Chloride NF
:ryl oni tri 1le NF 1,1.2.2 Tetrachioroethane NF
Inzene NP Tetrachiorcethylene NF
,omomethane NF Toluene NF
-wmofornm NF 1,'2 Trans Dichioroethylene NF

Irbon Tetrachloride NF 1,1*2 Trlchloroethane NF

.f1 oroberizene NF____ 1,1,1 Trichlorcethane N

.ilorodibromuetharie NP Trichioroethyl ere NF

iloroethane NF Trichlorofluortuethane NF
..-Chloroethylvinyl Ether NF____ Vinyl Chloride NF

loroform N .Other ______

chi orobromnethane NF
lichlorodlfluramiethane NPF_____________

I..1 Dlchlovo~harm NE -

.*2 Dichlorcethane N

1.1 Dichloreethylene NF ____________ ____

192 0 'lchloraprogane NF DatectIon Llmif! 10
Z.thylbenzone NF
Chioromethane NF
1.3-Trans Olchlorapropen. NF

103-Cis Dichioropropene. NF
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inter- office memorandum
TO: Dick Kraybill DATE: 30 November 1984

cc: Les Eng
Earl Hansen

FROM: J. A. Porta

SUBJECT: INTERIM REPORT W. 0. No.: 0628-09-28
OTIS AIR FORCE BASE

Date Samples Collected: October 1984

R.F.W. NO. CLIENT I.D. PHENOLICS LEAD (Pb) UNITS

8410-712-0010 TP-1 <0.2 <12.5* 11g/g
-0020 TP-9 <0.2 28 ug/g
-0030 TP-14 0.2 38.6 ug/g
-0040 TP-16 0.3 30.9 ug/g
-0050 TP-3A 0.3 25.6 pg/g
-0060 TP-6A 0.4 24 ug/g
-0070 TP-7A 0.5 532 ug/g
-0080 TP-8A 0.2 27 ug/g

*It appears this sampla does not meet.required detection limits.
Please call:Les Eng for confirmation.

JAP:bwm

RFW: 2-74-39 1-73



DATES OF ANALYLSES OF SAMPLES

COLLECTED OCTOBER & NOVEMBER 1984

R F.W. No Parameter Date of Analyses

8402-851-0010 O/G 2/20/84
TOX 3/20/84
Ph 3/20/84
-TOC 3/23/84

8410-712-0010 VOl, 11/19/84
to 0040

8410-712-0010 Phenolics 10/26/84
to 0080 Pb 10/17/84

Total Fuel Hydro- 1/10 to 1/15/85
carbons

8411-829-0010 Hardness 12/26/84
to 0040 Fe 11/27/84
and 0130 SO 4 - No Record

CI No Record
NO 3-N No Record

TKN 11/21/84
NH 3-N 12/3/84

8411-829-0010 Phenolics 11/21/84
to 0130

8411-829-0080 ..Pb.. L..............LI/27/84.:
to 0130. "

8411-829-0010 O/G 1/18/85
to 0070,0130

8411-829-0080 Total Fuel Hydro- 1/10 to 1/15/85
to 0120 carbon

8412-992-0010 19 Scan 1/28/85
to 0070
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Date of Final Report: March 6, 1984

OTIS A.N.G.B.
SUMMARY REPORT

FOR S,,PLES RECEIVED DECEIBER 8 1983
W.O. NO. 0628-05-28

R.F.W. NO. CLIENT I.D. OIL & GREASE TOX TOTAL LEAD
gl9 ug/g .mg/Kg

10226 TP-11 9' 67.5 <0.1 28.6
10227 TP-1O .5-1.5 2890 0.11 93
10228 TP-1O 7 202 <0.1 21
10229 TP-1O 2.5-3.5 58.0 <0.1 14
10230 TP-22 1-1.5 139 .46 30
10231 TP-26 2 1660 .23 6880
10233 TP-21 .5-1 313 .64 110
10234 TP-14 4 99.5 <0.1 28
10235 TP-13 4 21.5 <0.1 3n
10236 TP-12 8.5 77.5 <0.1 84
10237 TP-33 5.5 135 <0.1 280
10238 TP-12 3.5 36.6 <0.1 14
10239 TP-11 0-2.5 18200 .35 94
10240 TP-11 4 285 <0.1 18

Sample (ollected

* 181 7. 5 •
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DATA SUMMARY FOR: OTIS AFB

DATE COLLECTED: 7-9 February 1984

RFW SAMPLE NO: 822-0010 822-0020 822-0030 822-0040

SAMPLE DESCRIPTION: MW-i MW-iD MW-2A MW-3A

ANALYSIS:

oil/Grease, mg/L 1.03 2.85 0.15 2.00

Pesticides, -igIL NF NF NF N

Ni, mg/L .NF NF NF NF

As, mg/L NF NF NF NF

Pb, mg/L NF NF NF NF

Cr, mg/l. NF NF NF NF

Cd, mg/l. NF NF NF NF

Cu, mg/L 0.08 0.10 NF 0.04

Fe, mg/l. 67.8 63.3 NF NF

Cyanide, mg/L NF NF NF NF

TOX, ughL 16.4 15.0 29.4 15.2

TOC, mg/L 57.2 57.3 59.7 31.2

PCB, ug/L NF NF NF NF

Phenol, mg/L NF NF NF NF
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DATA SUMMARY FOR: OTIS AFB Samples Collected 7-9 February 1984

RF'W SAMPLE NO: 822-0050 822-0060 822-0070 822-0080

SAMPLE DESCRIPTION: MW-4 MW-B Well 5 Well 5D

ANALYSIS:

Oil/Grease, mg/L 0.24 0.23 2.29 1.70

Pesticides, mg/L NF NF

Ni, mg/L NF NF

As, mg/L NF NF

Pb, mg/L NF NF NF NF

Cr, mg/L NF NF

Cd, mg/L NF NF

Cu, mg/L 0.0C-4 0.04

Fe, mg/L NF NF

Cyanide, mg/L NF NF

TOX, ug/L 7.6 NF 209.2 200.2

TOC, mg/L 14.7 6.82 18.5 18.4

PCB, ug/L NF NF NF NF

Phenol, mg/L NF NF

RFW SAMPLE NO: 822-0090 822-0100

SAMPLE DESCRIPTION: mw-6' Well 7

ANALYSIS:

Oil/Grease, mg/L 0.26 2.09

Pb, mg/L NF NF

TOX, ug/L NF NF

TOC, mg/L 7.8 18.2

PCB, ugL NF



DATA SUMMARY FOR: OTIS AFB

DETECTION LIMITS

Pest ici des

Toxaphene = 0.0048 mg/L
Lindane = 0.00028 mg/L
Endrin =0.00040 mg/L
Methoxychlor = 0.0013 mg/L

Ni = 0.1 mg/L
As =0.010 mg/L
Pb = 0.010 mg/L
Cr = 0.05 mgIL
Cd = 0.010 mg/L
Cu =0.03 mg/L
Fe = 0.05 mg/L

Cyanide = 0.03 mg/L

TOX = 5 ug/L

TOC = 1 mg/L

PCB = 1.0 ug/L

Phenol = 0.005 mg/L

T-- 0~~_ _ _ _ ____________ ___________



DATA SUMMARY FOR: OTIS AFB

DATE COLLECTED: 7-9 February 1984

SAMPLE
RFW SAMPLE NO. DESCRIPTION 2,4D ugIL 2,4,5TP ug/L* 2,4,5T u:

802-0010 MW-I < 50 < 10 .(10

802-0020 MW-ID '. 5 1 1 < 1

802-0030 MW-2A .50 . 10 410

802-0040 MW-3A < 5 1 I < 1

802-0050 MW-4 5 1 < I

802-0060 MW-B 5 1 1 4,1

There are different detection limits due to different sample volumes.

1-79



DATA SUMMARY FOR: OTIS AFB

RFW SAMPLE NO: 851-0010

SAMPLE DESCRIPTION: Sludge Water

ANALYSIS:

Oil/Grease, mg/L 0.92

TOX, ughL 175

Pb, ug/L 19.5

TOC, mg/L 1 4.14
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DATA SUMMARY FOR: OTIS AFB

RFW SAMPLE NO: 822-0120

SAMPLE DESCRIPTION: Sludge

ANALYSIS:

Oil/Grease (wet Basis), ug/g 43,800

TOX, ugly 42.88

Pb, mg/kg 333
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DATES OF ANALYLSES OF SAMPLES

COLLECTED FEBRUARY 1984

R F.W. No Parameter Date of Analyses

822-0010 to Oil and Grease 3/5/84
0100 TOX 3/21/84

Phenol 3/2/84

822-0010 to Pesticide/PCB 3/2/84
0060 Cyanide 3/22/84

Metals 3/6/84 to
4/23/84

Phenol 3/2/84

822-0120 Oil and Grease 3/5/84
TOX 3/21/84
Pb 3/15/84

851-0010 Oil and Grease 2/20/84
TOX 3/20/84
Pb 8/24/84
TOC 3/23/84
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inter-office memorandum
TO: Dick Kraybill 29 January 1985

cc; Carter Nulton
Les Eng
Earl Hansen

FROM: Judy Porta

SUBJECT: ADD'N INFORMATION W.O.No.: 0628-03-28-00
OTIS A.N.G. BASE

My apologies for not identifying the R.F.W. Nos. in Carter Nulton's
memo of 28 January 1985. R.F.W. No. 8412-992-0010 is your S-I
(Header #12) and R.F.W. No. 8412-992-0020 is your S-2 (Header #7).
R.F.W. No. 8412-992-0030 is AX Ga,; -0040 is MO Gas; -0050 is JP-4;
-0060 is Diese-l Fuel; and -0070 is Heating Fuel.

The lead results are as follows:

R.F.W. NO. SAMPLE DESCRIPTION TOTAL PbD mq/L

8412-992-0010 Header #12 29.00
8412-992-0020 Header #7 <0.50*

*Ken is re-running this sample today on the AA Furnace to achieve a

lower detection.. limit..

Also, Carter will have the B/N/A results by tomorrow or Thursday. They
were scheduled for analysis all along.

Les Eng has not given me a definite date as to when the petroleum hydro-
carbon oil and grease will be completed; however, he is in the process
of determining them. As soon as these results are ready, I will tele-
copy them to you.

JAP:bwm
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inter-office memorandum
TO: Dick Kraybill DATE: 31 January 1985cc: Rich Johnson (memo only)

Les Eng (memo only)

FROM: Earl M. Hanse4

SUBJECT: ACID/BASE/NEUTRAL GC/MS FRACTIONS & W. 0. No.: 0628-03-28-00
LEAD RE-ANALYSIS
SUMMARY REPORT
OTIS A.N.G.B.

The attached are the results of analysis by EPA Method 625 for two samples
submitted by you for the above-referenced client. Spike recovery information
is also attached. The EPA recommended holding time of 7 days between date of
collection and date of extraction for sample #8412-992-0010 was exceeded by
6 days due to the holiday season. The recommended holding time of 40 days
between extraction and analysis was not exceeded. Sample #8412-992-0020 was
not extracted because of the nature of the sample. Sample #8412-992-0020
was re-analyzed for lead on the AA furnace and a concentration of 36.5 ug;'L
was found.

As of this date I have not received any data on the petroleum hydrocarbon oil
and grease analysis. As soon as these are completed, I will forward the re-
sults to you.

EMH:bwm

Attachments

PFW. 2-74-39 1-92
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3. FEDERAL PROTECTION OF GROUND-WATEP OUALITY

The federal programs dealing with the protection Of ground-water quality are adrministered largely by the
Environmental Protection Agency (EPA, The federal programs which provide the framework for state regL lations J
are summarized in this section,

3.1 GROUND-WATER PROTECTION POLICY

At this writing. February 1983. U.S. EPAs final policy on ground-water protection, scheduled for September 1982
release. has not been published. Based on the proposed strategy published by EPA in November 1980 and recent
press releases, it appears that EPA wilt be implementing a policy that would give the states lead responsibility in
the protection of ground-water quality. EPAs efforts appareotly will be focused in three major areas

1. Development of an internally consistent federal approach to ground-water protection

2. Monitonng. research and development efforts directed toward more comprehensive problem definition and
new detection, controls, and clean-up technology development

3. Guidance, coordination, and assistance to states in the development of state policies

A significant component of EPA's policy is expected to be a ground-water classilication system which could be
used to determine the degree of protection needed for vanous types of ground water Ground-water classification
is discussed in Chapter 4.

3.2 CLEAN WATER ACT

This statute refers to ground-water protection in municipal waste water treatment. planning. and researc, programs
tts principal regulatory programs. however, focus on surface water Section 303 empowers EPA to approve states
water quality standards which are based on the states cassification of nvers and streams. Many states have ncluded
ground water in their definition o! 'waters of the state' for purposes of this act (state summaries) On this basis the
National (state) Pollutant Discharge Elimination System (NPDES.'SPDES) permitting process may be invocab;e for
purposes of ground-water protection. In addition the act empowers EPA to

1. Develop a comprehensive program for ground-water pollution control [Section 102(a)]

2. In cooperation with states, equip and maintain a surveillance system for monitonng ground-water quality
[Section 104(a)(5)]

3- Provide grants to states and area-wide agencies to develop ground-water quality management plans to
identify salt water intrusion and control disposa! of pollutants in subsurface excavations, and contro
disposition of wastes. (May include authority for comprehensive ground-water management plans.
including conjunctive use with surface water) [Sec.tion 102(c). 208(b)]

4.. Require development of Best Management Practices (BMP) to ontrol nonpoint source pollution problem:
to ground-water quality [Section 208(b)"

5. Develop critena for ground-water quaifity considenng kind and extent of effects on health and welfare from
the presence of pollutants [Section 304(a)]

6. Determine information necessary to restore and maintain chemica!, physical, and biological integrity of
ground water [Section 304(a)]

7. I6 .c information on the factors necessary to restore and maintain chemical, physical, and biological
integrity of ground wale, (Sections 304(a)(2)]

3.3 SAFE DRINKING WATER ACT

This statute authorizes EPA to set maximum contaminant levels (MCLs) and monitoring requirements for public
wale, systems and provides for the protection of underground sources of drinking water The MCL. rEgulate the
quality of -finished' water. i.e.. waler as ueiivE.ed, n. tht cia:t ' , ._ : wate, As disCussed be!ow, the
MCLs have been util:zed by EPA and the states as the basis for other regulations dealing with grc-und-wate,
quality and protection

J-2
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___- 3.3.1 National Interim Primary Dnnking Water Regulations

EPA initiated a detailed study of the health effects of various contaminants in water soon afler the Safe D"-
Act (SOWA) was signed into law. So that the regulations could include the findings of this and other stu= e
primary drinking water regulations were to be developed in two stages: an interim version and a final versio..-
intenm version of the regulation became effective 24 June 1977. SDWA provides for delegation of authon tZ.
states. State Primary Drinking Water Regulations must be at least as stringent as the federal regulation-'

The National Interim Primary Drinking Water Regulations define Maximum Contaminant Leve! as the rr.a
permissible level of a contaminant in water which is delivered to the free-flowing outlet of the utt;mate us--
public water system, except in the case of turbidity (applicable to surface water only) where the r-.z.
permissible level is measured at the point of entry to the distribution system. The MCLs are provided. waui
summanes.

3.3.2 National Secondary Drinking Water Regulations

These regulations control contaminants in drinking water that primarily affect the aesthetic qualities rela:-Y:
public acceptance of drinking water. At considerably higher concentrations of these contaminants. .
implications may also exist as well as aesthetic degradation. The National Secondary Dnnking Water Re-;..
are not federally enforceable but are intended as guidelines for the states.

Secondary Maximum Contaminant Levels (SMCLs) are defined as the maximum permissible le,.-
contaminant in water which is delivered to the free-flowing outlet of the ultimate user of a public wate- s-
Federal and state SMCLs are provided in the state summaries. The states may establish higher or Iowe-
which may be appropriate depending upon local conditions such as unavailability of alternate sources of
other compelling factors, provided the public heaJth and welfare are not adversely affected.

3.3.3 Sole Source Aquifer

The Sole Source Aquifer provisions of SOWA allow EPA to designate an aquifer as the sole source o c-
water for an area thereby guaranteeing protection from contamination by federally assisted activities
regional, or state agencies can petrtion EPA for sole source designation. The EPA Administrator may desi_-
aquiter which is a sole or principal drinking water source if its contamination would create a significant t-a,
public health. If the designation is made, no federal money or financiai commitment may be made for an-,
which the Administrator determines may contaminate the designated aquifer through its recharge z"-.e-
At this writing. February 1983, EPA has designated the following ten sole source aquifers:
Biscayne Aquifer - Florida Nassau and Suffolk counties - New Yorv,
Buried Valley Aquifer - N~ew Jersey Cape Cod - Massachusetts
Edwards Aquifer - Texas Fresno - California
Camano Island-Whidbw-y Island Aquifer.- Washington Ten Mile Creek - Maryland
Spokane-Rathdrum Aquifer - Washington and Idaho Northern Guam Lens - Guam
The following eighteen are under consideration:

Arizona New York
Santa Cruz, Upper Santa Cruz, Aura-Altar Basins Kings and Queens counties

California Sardinia
Schenectady

Scotts Valley Vestal
Delawareeawae Pennsylvania
New Castle County Seven Valleys

Florida Texas
Volusia - Flloridan Aquifer Carrizo- rilc-x Aquifer

ioaho Texas and New Mexico
Snake River Plain Delaware Basin

Louisiana Wisconsin
Baton Rouge Niagara Aquifer
DeSota Parish

New Jersey
Coasta! Plain
Ridgewocd
Upper Rockaway J3



3.3.4 Underground Injection Control
The Underground Injection Control (UlC) progjram regulates the uses of undemround injection wells to protect an . •_-

underground source of drinking water (USDW). USDW means an aquifer or its portion which

1. supplies any public water system or contains a sufficient quantity of ground water to supply a public water
system;

2. currently supplies drinking water for human consumption or contains less than 10,000 mg/lite' total
dissolved solids; and

3. ts not an exempted aquifer (40 CFR 146.01 provides crteria for exemption),

SDWA requires any state designated by EPA as requiring a UIC program to develop and submit a state UIC
program for EPA approval. EPA has designated each of the rftty states

The federal program classlfies injection wells as follows:

Class I-Wells used to inject hazardous waste, or other industrial and municipal disposal wells which inject
fluids beneath the lower-most formation containing a USOW within one-quarter mile of the well bore.

Class II-Wells that inject fluids

1. which are brought to the surface as part of conventional oil or natural gas production and may be mixed
with production waste waters from gas plants, unless those waters are classified as a hazardous waste at

the time of injection;

2. for enhanced recovery of odi or natural gas, and

3. for storage of hydrocarbons wiich are liquid at standard temperature and pressure

Class III-Wells that inject for extraction of minerals including

1. mining of suffur by the Frasch process;

2. in situ production of uranium or other metals. This category includes only in situ production from ore
bodies which have not been conventionally mined. Solution mining of conventional mines such as slopes
leaching is included m Class V; and

3 solution mining of salts or potash.

Class IVW-Wells used to dispose of hazardous o, radioactive waste into or above a formation which contains a
USDW within one-quarter mile of the well. Also, welis used to inject hazardous waste that cannot be classjied

as Class I or Class IV under the above criteria are Class IV wells.

ClassV-All othier injection wells (40 CFR 146.05(e) and 146.51 provide.specifc ntormation and exemptions)

Underground injection is controlled through the permitting process Construction, operation, monitonng and

reporting activities are controlled. Individual state programs are based up.n, and must be essentially equivalent
to. the federal criteria and standards (40 CFR 146).

3.4 TOXIC SUBSTANCE CONTROL ACT

This statute (TSCA) authorizes EPA to restrict or prohibit the manufacturr, distribulion, and use of products which
may result in unreasonable risk to health and the environment. Although ground water is not specilically named in

the Act EPA has taken the position that the protection of heafth and the environment includes the protection of
ground water

3.5 FEDERAL INSECTICIDE, FUNGICIDE, RODENTICIDE ACT

This statu'e (FIFRA) gives EPA the responsibility to control the sale and use of al! pesticides to prevent

unreasonable adverse environmenta and heat, ettects The use anc disposal of pestiCide packages ano

containers is also regulated In deciding whether to register, cancel, suspend, or change the classification of a
pesticide. EPA considers a broad range of environmental impacts including those affecting ground water
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3.6 RESOURCE CONSERVATION AND RECOVERY ACT

The Solid Waste Disposal Act and the Resource Recovery Act of 1970, as amended by the Resource
,, Conservation and Recovery Act of 1976 (RCRA), require EPA to establish a national program to regulate the

management of waste materials.

3.6.1 Solid Waste

Subitle D of 1CRA established a broad-based national program to improve solid waste management through tr-
development of state and regional solid waste management plans The act offered federal financial assistance
states interested in developing and implementing a solid waste management plan. The state olars. under fede'.-
guidelines, identify respective responsibilities of local, state, and regional authonties, and encourage resourz
recovery and conservations and the application and enforcement of environmentally sound disposal prantce:

A major element of the Subtitle D program is the open dump inventory. Section 4005 of RCRA prohibits ope:-
dumping. Federal criteria for classifying solid waste management facilities are provided in 40 CFR 257. E=
cannot approve a state solid waste management program with less stnngent cntena. Solid waste managerne:
facilities failing to satisfy the criteria are considered open dumps. In order to satisfy these critena, a facility c
practice (in addition to other environmental considerations) shall not contaminate an underground dnnking w,,
source beyond the solid waste boundary or beyond an alternative boundary established by the state or in coL-
persuant to the stipulations of 40 CFR 257.3-4. The federal criteria define contamination as an exceedence of tr -
MCLs provided in the National Interim Primary Drinking Water Regulations or an increase in concentration of a-'
parameter for which the ambient concentration exceed the MCL.

3.6.2 Hazardous Waste

EPA has issued a series of hazardous waste regulations under Subtitle C of RCRA (40 CFR 260 to 267 and 122 .
124). On 19 May 1980, EPA issued a comprehensive set of standards for generators and transporters C
hazardous waste and 'interim status" standards for facilities in existence on 19 November 1980, that treat, stz--
or dispose of hazardous waste. Such facilities were allowed to operate under interim status until they received a-
RCRA permit. Subsequently. EPA issued standards for granting RCRA permits to treatment and storage facilities
Standards for land disposal facilities were issued on 26 July 1982-virtually completing the program fc
controlling hazardous waste under RCRA.

The standards for permitting land disposal facilities were issued after a wide range of regulatory options ,.-X
considered Over a period of several years, EPA proposed two different sets of land disposa! standaras =-
solicited comments on vanous issues. On 13 February 1981, EPA issued temporary standards for new la7:
di!posa! facilities. The 26 July regulations replace those temporary standards except for Class I undergrou u.
inj, ction wells..These will remain subjei. " to the temporary. standards until final standards are issued.

The regulations consist primarily of two complementary sets of performance standards

1. A set of design and operating standards tailored to each of four types of facilities

2. Ground-water monitonng and response regulations applicable to all land disposal facilities

The design and operating standards implement a liquids management strategy that has two goals:

1. Minimize leachate generated at the facility

2. Remove leachate generated to minimize its chance of reaching ground water

The major requirements include

1. Liner
0 Requirement: design to prevent migration of waste out of the facility during its avive life
a Applicability: landfills, surface impoundments, and waste piles

2 Leachate collection and removal
" Requirement collect and remove leachate from the facility and ensure that leachate depth over the line'

does not exceed 30 centimeters (1 foot)
* Applicability: landfills and waste piles
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3 Run-on and runoff control systems
" Requirement. design tc control flow ung at east 25-year storm .. I. " . "-

" Applicability: landfills. waste piles. land treatment C,

4 Wind dispersal controls
* Requirement. cover waste or otherwise manage unit to control wind dispersaf
* Applicability: landfills, waste piles, ano land treatment units 'hat contain particulate matter

5 Overtopping controls
* Requirement: prevent overtopping or overfilling
* Applicability: surface impoundments

6. Disposal unit closure
* Requirement: final cover (cap) over waste unit designed to minimize infiltration of precipitation
• Applicability: landfills and surface impoundments (if used tor disposal)

7. Storage unit closure
* Requirement. remove waste and decontaminate
* Applicabilityi surface impoundments used for treatment or storage and waste piles

8. Postclosure Care
" Maintain effectiveness of final cover
" Operate leachate collection and removal system
9 Maintain ground-water monitoring system (and leak detection system where double liner is used)
" Continue 30 years after closure

The goal of the ground-water monitoring and response program is to detect and correct any ground-water
contamination. There are tour main elements:

1. A detection monitoring program i hich requires the permittee to install a system to monitor ground water in
the uppermost aquifer to determine if a leachale plume has reached the edge of the waste management
area.

2. A ground-water protection standard is set when a hazardous constituent is detected The standard
specifies concentration limits, compliance point, and compliance period

3 A compliance monitonng program determines if the facility is complying with its ground-water protection
standard

4. Corrective action is required when the ground-wale, protection standard is volaec! The perminee must
either remove the contamination or treat it in place to restore ground-water quality

Until hazardous waste management facilities are issued permits. existing facilities wili continue to c perate under
interim status standards. Facirities' operating under interim status wil be required to file Part B applications for final
permits

Under Subtitle C of RCRA. EPA approves state hazardous waste management programs in two phases Phase I
authorization gives states the right to control transportation and generation of hazardous wastes within their
borders and to regulate existing treatment, storage, and disposal facilities. Phase P authorization includes the
permitting of new tacilirties.

3.7 COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND LIABILFTY ACT

This statute (CERCLA). commonly referred to as Supe.'iund. authorizes EPA to responc to releases or threatened
releases into the environment, including ground water, of any hazardous substance which may present an
imminent and substantia' danger to public hea!th The act provides funds tor emneroency action and has cost
recovery provisions
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MASSACHUSETTS

Classification-Ground water is included in the definition of "Waters of the Commonwealth" as found ir. the
~in I Massachusetts Clean Waters Act. No ground-water classification system is currently in effect. The Water

Resources Commission is investigating such a system as part of a statewic. Ground-Water Management Plan.
Quality Standards-There are no ground-water standards in effect at the present; they are under consideration as
part of a classification system.
Drinking Water Standards-The Department of Environmental Quality Engineering has adopted the federal
primary and secondary drinking water standards.
Appropriation-The Common Law system governs ground-water allocations in Massachusetts. There are no
permit requirements or limits on the amounts withdrawn by any user. A permit system is under consideration.
however, for the purpose of management and protection of ground-water resources.
Controlled Use Areas-There are none at the present.
Well Construction-Public supply wells must be constructed according to standards of the Department of
Environmental Quality Engineering.
Underground Injection Control-Massachusetts has developed a state UIC program that has been submitted for
EPA approval. The Department of Environmental Quality Engineering will be the lead agency in the program. All
injection wells except for Class V wells will not be permitted.
Waste Management Facilities-The solid and hazardous waste management programs are administered by the
Department of Environmental Quality Engineering.

Solid Waste-The Massachusetts Solid Waste Regulations do not state minimum ground-water monitoring
requirements. Permit requirements for siting and operation of disposal sites are such as to prevent ground-
water contamination. Ground-water monitoring may be required on a case-by-case basis.
Hazardous Waste-Massachusetts has received interim status authority for RCRA Phase I and is seeking
Phase II authority. The Massachusetts Hazardous Waste Regulations have incorporated EPA ground-water
monitoring requirements (40 CFR 265 Subpart F) by reference.

Sole Source Aquifers-Cape Cod has been designated as such by EPA.

Geological Surveys-
Division of Waterways Water Resources Division
Department of Environmental U.S. Geological Survey

Quality Engineering 150 Causeway St.. Suite 1001
One Winter Street Boston, MA 02114
Boston, MA 02114 617-223-2822
617-292-5690 District Chief:
State Geologist: I.C. James II

Mr. Joseph. A. Sinnot: .

Note: New England District Office for Massachusetts, Maine, New Hampshire, Rhode Island. and Vermont.
F

References-
Massachusetts Clean Waters Act Massachusetts Hazardous Waste Regulations

(Mass. Gen. Laws, Chap. 21, Secs. 26-53) (CMR, Title 315, Chap. 2)

Massachusetts Solid Waste Regulations L
(CMR, Title 310, Chap. 19)

Contacts-
Water Poliution Control Division Mr. Emerson Chandler
Department of Environmental Water Resources Commission

Quality Engineering Department of Environmental
One Winter Street Management -
Boston, MA 02108 100 Cambridge Street V,,.
617-292-5673 Boston, MA 02202

617-727-3170

No comments on this summary were received from the Commonwealth of Massachusetts.
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MASSA CHUSETTS

Monitoring Requirements
Drinking Water Standards

Parameter Solid Hazardous

(mg/l unless noted) Federal State Quality Standards Waste Waste

Arsenic 0.05 0.05 M
Barium 1.0 1.0 M
Cadmium 0.010 0.010 M
Chromium 0.05 0.05 M
Lead 0.05 0.05 M
Mercury 0.002 0.002 M
Selenium 0.01 0.01 M
S~lver 0.05 0.05 M
FlIJoride 1.4-2.4 1.4-2.4 M
Nitrate (as N) 10.0 10.0 M
Endrin 0.0002 0.0002 M
Lindane 0.004 0.004 M
Methoxychlor 0.1 0.1 M
Toxaphene 0.005 0.005 M
2.4-0 0.1 0.1 M
2,4,5-TP Silvex 0.01 0.01 M
Trihalorethanes 0.1 0.1
Turbidity (TU) 1.0 1.0
Coliform bacteria -

membrane filter
test (#.100 ml) 1.0 1.0 M

Gross alpha (pCi/I) 15.0 15.0 M
Combined Radium 226

and Radium 228 5.0 5.0 M
Beta and photon

particle activity
(mremyr) 4.0 4.0 M

Sodium M M M
Chloride 250.0 250.0 M
Color (units) 15.0 15.0
Copper. to..., .1.0 1.0
Corrosivi'ty Noncorrosive Noncorrosive
Foaming agents 0.5 0.5
Iron 0.3 0.3 M
Manganese 0.05 0.05 M
Odor (threshold no.) 3.0 3.0
pH (units) 6.5-8.5 6.5-8.5 M
Sulfate 250.0 250.0 M
Total dissolved solids 500.0 500.0
Zinc 5.0 5.0
Phenols M
Specific conductance M
Total organic carbon M
Total organic halogen M

Note "M" denotes monitoring requirement. See Section 43.
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ENVIRONME:NTAL. PROTErCTION AGENCY NATIONAL
INTE.RIMI PRIMNARYD1RINKING WATER REGULATIONS

(40 CFR 141; 40 FR 59565, Dcemrbcr 24, 1975; Amcn!eu2 by 41 FR 28402, July
9, 1976; 44 FR 68641, Notcmber 29, 1979; Corrected by 45 FR 15542, March 11,
1980; 45 FR 57342, August 27, 1980)

Title 40-Proection or E~nvironment Subpart E-Sprial Mo nitoiring R 'gulazions a "commnfity water sy~stem" '
CHAPTYR I-ENVIRONMENTAL fr Olrganic Chtmicals commun~ity watecr system".PROTECTION AGENCY ii0 *'Com~nunity water

SUBCHAPTER D-WATER I'HLX:RAI$% 141.40 Spe~ial m-.nitorinc for organic chemi- ulcwtrsse h~
PART 141-NATIONAL INTERIM cl.lt!ast 15 sei-vice connections utt

PRIMARY DRINKING WATER Authority: Sec-. 1412. 1414. 1445. and 1450 round residents or regularly
REGULATIONS of the Pt.;,Aic Health Service Act. 88 Stat- 1660 lelst 25 year-round reside-its

(42 U.S.C. 300r-1. 300c.3. 300j-4. and 300j-9).
SbatA-General tit) 'Non -comm unity watt:

Subpart A-General Sb rtmeants a public water system
Sec. S-14 .. .pplu~lpility. a conunnitl water systeaL
141.1 Applicability. This part establishes primary drinking 4:) -SanJIary survey- mea3-141.2 Definition$. water regulations pursuant to section skte review of the water sou.-141.3 Coverage.
141.4 Variances and exernptions. 1412 of the Public Health Service Act. us Ies. equipment, operation ai.
143.5 Siting requirements. amenaded by the Safe Drinking Water flance of a public watersst-
141.6 Effective dates. Act (Pub.L1- 93-523);. and related regula- purpose of evaluating the it,

tions applicable to public water systems. SUc.1 source, facilities. equ~p-
1 141.2 Dcfi.~t;6ust. eration and maintrinance !o7

Subpart B-Maximum Contaminant Levels As usdin this pat. the term and distributing. --ale diinLir:,-
141.11 Maximum contaminant levels for in. C Z-adr

organic chemicals. (a) "Act" means the Puthlc Health (giao l ~tfinishd smr e' r .141.12 Slasirrium contaminant levels for Service Act. a~s am~endied by the Safe exained for the presncen oforganic chemicals Drinking Water Act. Pub. L. 93-523. xmndfrtepeec141.13 Maximum contaminant levels for (b) *Contaminitit- means a.ny )*~ b..cteiia.
tu rbid ity.(h* ae-ncntea ;

141.14 Maximum microbiological contami. cal. chemical. biological, or radiological tS~ en h r:
nAnt levels substnee or matter in wvater. SLa!ic rovernment uhi:h h.-.

14.1 aximum contaminant le~els for (c) -Maximium euntaminant level" tion over public uae se:
radium-226. radium.228. and gro- nm eans the maximumi permisiblc !cvcl cit anjy pei od when a Statt du,.i
alpha particle radioact.ii) in com a contaminant in isater vkhacb ijs de- PrLMAry enforcement r
rnmunily water systems. ee otefe lun ulto h usatt eto j3o

141.16 Maximum contaminant lr~el.. for bfi Ilnire t-tefs lo n ul tem rn th U SuaL to a Scis 1theparticle and photon radinactivit1  ultimate user of a public %%atcr s)se. tra Sae~ic steF:
from man-made radionuclide. in except in the case of tui bid~ty r.Iliee the mi:;istrator. U.S.Fione.
community water systems. maximum permissible level is meastued tion Agency.

at the point of entry to the dlistribution Mi -Supplier of uater- r.
system. Contaminants added to the water jicrson who own:, or opera Its
under clrctimstances controlled by the Witter £3teln.

Subpart C-Mointoring and'AM14lyticail
Requirements .user, except those resulting from corrL-~ W) "Dose equivalent" mearsslon of piping and plumbing caused by uct of the absorbed dose fro-141.21 Microbiological contaminant sampling water quality. te excluded from this radiation and such factors at acand analytical requirements.dfnto.dfrecsibolgalfet,-

141.22 Turbidity sampling and analyticaldfnto.ds]ecs nbooia fet.
Pequifementas. (d) "Person*' means an Individtial, to the typie of radiation and it,

141.23 Inorganic chemical sampling and corpoiation, comp'any. association, part- tion inl the body as sr.c.cirit dt;
Oanal tics) rrqunernents . nerbhip. State. maunicipality. or Federal ternational Commission on P...

141 24 Orvanic chermicals other than% total tIm aecny. nt n eau~tt IR
halomethaneb. sampling and analyta. '*
cal requirements, (e) .Public w-ater system" means a (It) **Rem*' means the unit

141.25 Analytical Methods for Radioactivity, system for the provision to the public equivalent from ionizing radiatic_
141.26 Monitorfing Frequency for Radioac- of piped water for human consumption. total body or any internal orga.n

tivity in Community Water Systems. if such system has at least fifteen service system. A *millitem (mremY" i-
141.27 Alternative analytical techniques. coninections o; regularly serves en aver- of a rem.
141.28 Approved laboratories.
141.29 Monitoring of consecutive public water age of at least tuenty-five individuals ():Pccne(pCir mean%. 0.;.asyst ems. dalily at least 60 days out of the year. tity of radioactive material p-

Su.ch term includes (1l any collection, 2.22 nuclear transfo'mations P, r
treatment, storage, and distributio~n fa-

Subpart D-Reporting Public Notification. c~liie., under control of the opcrator 01 (m) -Gross alpha particle
and Record-keeping such systemn and used primarily In con- means the total aadioac~i..it,

141.1 Rporing equremntsnection uilth such system, and (2) any alpha particle emi'.'ion a- ,r-f-ir
141.32 Put-lic notification of variances. ea. collection or pretreatment storage fac,.i-rearmntonadyaml

emptions. and non-compliance with ties not under such control 'shich are (n) "Manrnade beta particle j,
rrulations u~ed primarily In connecetion . ith' such ton emnitters,* rru.,~ all 1,,(!_

141 33 Reord maintenance ~.-tL.n. A publir 'sater system is either emitting beta pisrticles and wr
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limttd in Maximium PCtimib~iblu Hoh nril miirairt, r Ilx>xriptinrrs) -apply Subpart 8-Maximum Contaminant tevels,
Burdens and Maximum Peymi.-ible Om,, %'.lic- IA''A li- p'ilinry enforcement *~n.la i-c
centration of Raionuei.des in Air car ri:juzt .11juity.1.1Mzmon-srtrasi I"c
Water for Occupiational Ezracure. MIIS for Ineorranic rhesncata.
Hiindbook 69. extept the diiurhter Prod141 (a) The MCL for nitrate Is applicable

uc~aof horum-32.uraium235 ma~ ~ ~ ii~'il~uiiiRto both community water systems anduranium-238. Beforie r' per!son TIiy cnriL Into a fi- non-community water systems except a-
(a) -Gross beta particle activity** ram*iiclil rununifitfllit, for or initiate con.~ provided by In parag-.ph (d), The levels

means the total r,~dioactivity due to beta itriictiun of a new public water sy.%tem frteohrognccencl p
particle emir-sion as inferred from inca.- or 111CaVasc Lhe capacity of an existing for teot couni waterial ayptem y
urements. on a dry tample, Public Wnt~er system. he snail notify the onlyC tifl Mo~mLt water snostams.

141 FIR 28402. July 9. 1976) State, and. to Uihecxtent -practicable. chec wi. cacate pursuoanic
1141.2 (p0-110 aided by 44 FR 68641. avoid locaiting part or all of the new or chmcl IfC4123e uruntt
November 29. 1979] expandecd facility rit a site which: j 141. () mnddb34.R 32

(p) -'Halogen" means one of the chem- 1sbectoainfcntrk August 27. 19801
ical elements chlorine, bromine or iodine. 'jr. earthrquakes. floods, fires or other (b) The following are the maximum-i

(q) -Trihalomethane" (TI14~) means disasters which could cause a breakdown Contaminant levels for Inorganic cherni
one of the family of organic Compounds, of the public witer system or a portion calIs ot her th an nluoride:
named as derivatives of methane. thereof or Lvel
wherein three of the four hydrogen (b) Except for intake structures. is Cojiaininaii1 per later
atomns in methane are each substituted A ithin Che floodplain of a 100-yea~r flood Arsenic--------------------------o. 05
by a halogen t.om in the molecular or is lower than any recorcded high tide 13arium---------------------------- 1

Cadmium ------------------------ 010l
structure. 'luhc-.e ;'i11i:atitc' reco'rds cxk!t. Chromiiumn-----------------------o. 05

(r) -Total trihalomethane. " (TTILM) The U.S. Environmental Protection Le a as----------------------------o0Cs5
masthe rum of the concnriration in Agency will not seek to overr-ide land use M.ercury------- ------------------ o a,:,

masdecisions aifecting public water sysiernz Nitrate 4as N) -------------------- 3c.
milligrams per liter of the siting which are madc at the SLate or lo- SelentuirD------------------------- 0.01
trihalomnethane -ompounds cal1 government level.s. 15tiver --------------------------- 0.05
(trichloromethane rchloroforml. (c) When the annual averag of the

dibroochlrometanemaximum dl .ly air temperatures for the
bromodichloromethane and 1 14 1.6 E ffective da Ies. location in %%"hich the community water
Iribromomethane [bremoforra). roundedl 1141 6 revvr~d by 44 FR 68641. November 29. system Is situated is the following. Ltje

totosgiiatfgrs-99 maximum contaminant levels for fluoride
Is) "Maximum Total Trihalomethane (a) E~xcept as provided in paragraph ac

Potential (MTP)- m~ans the maximum (b) of this section. the regulations set _____

concentration of total trihalomethanes forth in this part shall take effect on .rI.,,
produced in a given water containing a June 24. 1977. I 4%I.
disinfectant residual after 7 days at a (b) The regulations for total .- _______ ___

temperature of 25' C or above. trihalomethanes set forth in j 141.12(c) :. 1 .j I- 11.s. Oml1l........
(t) "Disinfectant" means any oxidant, shall take effect 2 years after the date of M b in 1, 3 21 4( ....

including but not limited to chlorine. promnulgation of these regulations for W. i 10_- f2 4............
chlorine dio'xide. chlorarrnines. and community waler systems serving 76.000 ~......: ...
ozone added to water in any part of the or more indi%-iduals, and 4 years after
treatment or distribution process, th~at is the date of promulgaticn for
in .tended to .kill or inactivate pathogenic communities serving 10.000 to 74.M9 (c) Fluoride at optimum levels in
mnicroc -ganisms. individuals. drinking %ater has been shown to have

j 11.3Coerae-(c) Ile regulations set forth in 141.11 beneficial effects in reducing the
I 42 Crrg.(a). (c) and (d); 141.14(a)(1): occurrence of tooth decay.

This part shall apply to each public 141.14t(b)(1)(c); 141.14(b)(2)(i). 141.14(d). 1141.11 (c) amended by 45 FR 57342.water system, unless the public water 141.21 fr). (c) and (!); 141.2.2 (a) and fe); August 27. 1980]
ts* et l ftefloigcna 141.23 (a)(3) and (a)(4); 141.23(f); (d) At the discretion of the State.

(a) C.,,nstt~s only of di~stribution and 141.24(a)(3); 141.24 (e) and (0; 141.25(e); nitrate levels not to exceed 20 mg/i may
storaare fisciUcs fAnd doe!s not have any 141.27(a). 141.28 (a) and (b); 141.31 (a). be allowed in a non-community water
cotlction and treat.ment fac~lities): lc). (d) anid (e) 141.32(b)(3): andsytmithsuperowar

Wb Obtains all of its waVkr from, but 141.32(d) shall take effect immrediately sytmithsuperowar
Is not owned or operat-ed by, a public wa- upon promulgatioi. Statetatest h aifato ft:
taer system, to which such rcgulations (d) The regulations set forth in 141.41 Stat Suhaterilntbeaalbet
spply: no elwtrt n esl: shall take effect 18 months from the date childuen under wil mont of aeiabl a td

.c0 Does prmugtin Suppliersn ero;chlrn ne 6mnhso ge n
sind of pougto.SplesMust (2) There will be continuous posting of

(d) Is not a carrier vthco~v complcte the first round of sampling and tefc htntaelvl xed1
p,.a.engers in interstate commerce. reporting within 12 months following the mg/I and the potential health effects of
S141.4 Var;jnre. nii cxarnipiolL. effective date. exposure: and
Variances or exemptions from certai (e) The regulations set forth in 141.42 (3) Local and State public health

provisions of these regulations may be shall take effect 18 months from the date authorities will be notified annually of
granted pursuant to Sections 1415 and of promulgation. All requirements in nitrate levels that exceed 30 mg/li and
1416 oi the Act, by the entity with pri- 141.42 must be completed within 12 (4) No adverse health effects sbaU.
-nary enforcement responsibility. Provi- months following the effective date. result.
.ions under Part 142. Notional Inic-ri?-i
Primary, 'Drinking Wtaicr Xcgulations 1141.6 (c)-(e) added by 45 FR '57342, 1141 11 id) addeca b) 45 FR 57342. Auivuni
Implcrncntor- -subpart E 4Viriances) Augrust 27, 1980) 27. 19S01
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5 141.12 VMaximumn contaminant levels tc' ter:itiir'cl to it miithv nvcrrni:r pur.sunnt sample must be analyzed for cornr.
~organkc chemical&. to 1 141 .:!:. i i it tlv~tt I)I~ vcr it: %L; purposes. This provision may be ub~
1141 12 revist-d b% 4 4 V11 6864 1. 1%1t,%t 1 , turbidity 1111ut% miiY bi' lillowi-d If the only once during two conercuti%et

19!iir.ur'li'-ur of %iir r~:u driuiniitiaitc to the compliance penods.
bt,tvi tijit ths I liiIiar tui bit does. not

*Ihe following are the maximum du Ally lot tht .'t'i (2) Four per 100 mlliliters in.-
Contaminant levels for organic 41 itt-'lh'rr with dlttititoii; Uinn one sample when Ie-,s than.
chemicals. The maximum contaiminant (2) licittit Innltiiuce of All eff cc- tyined per month; or

tiv cI-Inre~t, ~j-ciAthrur~outUlc (3) Four per 100 minililtcrsIrlevels for organic chemicals in &-Arldi'tinii t ri:ct o ro'.oute than five percent of the samples
aria~a~s () an (6 ofthisoccion(3) Iiitt'rficre with ndcroblologlcal .20 or more are examidned per mar.

aply to lTrcommunity water sYstems. d(Acrilliisions. (b) (1) When the fermentation
Compliance with the maximum (b) Five, turbidity unilL% bs'd on an method and 10 silliiter stnndard
contaminant levels in paragraphs (a) avcriilrv for two consecutive days pursu- tions pursuant to j 141.21(a) are
and (b) is calculated pursuant to ant to 1 14 1.22. colfform bacteria shall not be pre,
1 141.24. The maximum comlaminant an'y of the following
level for total trihalomethanes In - 141.14 Tiitnmini niicroA~.lugica1 co;- 1141.14ib11iii reii-d by Jz, FH
paragraph (c of this section'applirs -ony :1ipnumi tcctl.T Aus~u..t 27. 1iBUI
jo community water systems which T-he maximiun contaminant levels for (i oeta10prntfth
serve a population of 10.000 or nrre- coliform bricteria. applicable to comn- portions (tubes) in any one monuh

idvdasand which add a munity u.nter systems and non-comn- pursuant to 1141.21 (b) or (c) exce;
indvidalsmunity water systems. are as Iolluws: that, at the State's discretion. syslt-

disinfectant (oxidant) to the water in (a) When the membrane filter tech- required to take 10 or fewersa;
any part of the drink1~ing water treatment niique pursuant to 1 141.21 (a) is used, month may be authorized to exclu&_
process. Compliance with the maximum the number of coliforin bacteria shall positive routine sample resulting in-
contaminant level for total not exceed any of the follotting:oroepsivetbseronh-
trihalomethanes is calculated pursuant 1111111 eie ~ 5F 74.the monthly calculation if: (A) as

to 22.0.Auitust 27. 19801 approved on a case-by-case basis tC.
Leal.(1) One per 100 milliliters as the State determines and indicates in

n~I,'rnsarth netic mean ofalsmlswriting to the public water system L-
per lir oxmie al sampl esro no unreasonable risk to health existe-

(at Chlorinated h'drocarbons: pursuant to I 341.21(b) or 1c). except under the conditions of this
Endrin 41.2.3.4.10. 10-hritachloro- 0 or)02 that. at the piayAgency's discretion modiication. This determination si.:

6.-epoxy-I.4. 48.5.65.7.8.Sa-ocia b pytesrime t acy 1 ree be based upon a number of factors
I'ydro-1.41-endo. endo-5.t -dimneth. ytm eurd otk 0o ee

&onaphthalene). samples per month may be authorized to limited to thle following: (.1) t&e sys!
Lmndane (1.2.3.4.5.6-hexachloroc-- 0 rp exclude one positive routine sapeper prvddadhdmitneanc.

clohextane. carmma i'-arer). .j diifcatreiulithepsabtNlethox~thloi il.I.I-Trichtoio2. 2- 01 month from the monthly calculation if: dsnetn eiuli h itiu
bs~ ~ ~ ~~~~~1 Ip'ihx WhnIDtani Je~?(i) as approved on a case-by-case basis ssen 2 h oeta o

Tosatihent, iC..H,,C,.-Trchnical 0.005 the State determines and indicates in contamination as indicated by a
chlorinated cami'hene. 67-6 per- -? writing to the public water system that ataysvend()heitoy:
cent chlorne th atr sualiey atd( the ubistrc

no unreasonable risk to health existed th aerg qual or ntheubingwte
under the conditions of this vsoltiosm (eB the suppolier in;ia

4b) Chtaropthenoxm't modification. This determination should checktiosmpl on) each ofple in,;o
2.4 D. 14rl~p.-o'aew 0 1 lbe based upon a number of factors not chksapeoechftw
2.4.5TP Sil~ex 12.4.5-Trichloro. 00? limited to the following: (A] the system cneuiedy rmtesr'pL-.001 point within 24 hours after notificaUE:phenox% propionic aid i. /Oprt, provided and had maintained an active that the i outine sample is pstv.a

' disinfectant residual in the distributionpoivea:
system (B) the potential for each of t'iese check samples is negat.

_______________________________contamination as indicated by a . nd (C) ii original positive routine
a h e ' t e un ofsample Is reported and recc-rded bymcetha dtraomethoro the. su fsntaysre.nn Chehsoyothe concentrations of bramodichloro- the water quality at the public water 5uple pur3() TsuppltoIe sh13a raporme tal tiraomehanes thae. pu snir s ustm ey and (Cr thenistorfppirpratt I 141.331)hesplirsa renor

b romr'om e Ih an r (bromoform) and tri- ytm(..MC rmntrn the State its compliance with the
crilorometha'ne (chloroform) 0.)0 mr 1. violations): (ii) the supplier initiates a conditions specified in this paragrap._______________________________check sample on each of two and report thc action taken to rcso!% e
1141 121c, ;td'i-d b' ;4 FR 68641. November consecutive day's from the same the prior positive sample resulLt. if a29, 1~99 sampling point within 24 hours after positive routine sample is not used fo.-notification that the routine sample is the monthly calculation, another routin

141.3 Mximu to~amnantlc'elapositive, and each of these check sample must be analyzed for complier-
111 Maiu otman eessamples is negative: and (iii) the original puoss"f 5 prvinmabesd

fort urbidity. - positive routine sample is reported and purone duing proiconsmy eued
T"he maximum contaminant levels foi recorded by the supplier pursuant to comoliance periods.

turbidity are applicable to both commu- 1 141.31(a) and 1 141.33(a). The supplier (11 three or more portions Inrnity w-ater s-3stems and non-community shall report to the State its comrpliance thnoesmewenlstan2
water systems using surface water with the conditions specified in this 'has are exaned phe monsthan or
sources in w-hole or in part. The maxi- lsaexmidprmot.r
muw-n contaminant levels for turbidity paragraph asid a summary of the (iii) three or more Portions n
In drinking water. measured at a repine- correctite action taken to resolve the than five percent of the samples u
m-niati'Ct entr), 1puinti'.) to the di'inibu- prior positive sample -esult. If a positive 20 or more samples are examined
lion sitem, ar routine sample is not used for the month.

in) one turbidity unit (TU). &s de. monthly cfilculation. anothcr routine (2) When the fcirmcnuition1

J -1 1 ISec 141 1(b)(2))

101214.90 P .. 1r l rfln ,, r.c
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ENV-RONMEN' AL PROTECTION 21. Chomium. PB81-11747. ahoeflLh, wildlifL plant 11r. shoreliMeM.
AGENCY 22. Copper. PB81-117475. beaches. esthetics, and secoaon which may

23. Cyanides. P381-117483. -be expected from the prosenc of'pollutaruCFRL 162d-31 24. DDT. p181-117491. in any body of water. Lncludln| groundwa..
24. DDTlorobe~ s P 1749 . (B) on the concentration and dispersal of
Wt. Dichlorobeenefs. PB81 -117509. pollutants. or their byproducts. throupg.

Water 2ulity Criteria Documents 28. Dichlorobenzidine. PB81-117517. biologicaL physical. and chemical processes.
Avallabil~ ~27. Dichloroethylenles. PB31-11755. and (C) on the effects of poUutani on
AGENCY: Environmental Protection 2& 7.4-dlchlorophenoL PB81-117533. biological community diversity. producuiitv.
Agency. 29. Dichloropropanes/propenes, PB81- and stability. Including Information on the
ACTION: Notice of Water Quality Criteria 11Th41. factors affecting rates of eutrophication and

Documents. 30. 2.4-dimethylphenoL PB81-11755& rates of organic and Inorganic sedimentation
31.. Dinitrotoluene, PB81-117568. for varytri types of receivn$ waters.

SUMMARr. EPA announces the 32. Diphenylhydrazine. P381-11,7731. EPA is today announcing the
availability and provides summaries of 33. Endosulfan. PB81-117574. availability of criteria documents for 64
water quality criteria documents for 64 34. Endrin. PB81-117582. of the 85 pollutants designated as toxic
toxic pollutants or pollutant categories. 35. Ethylbenzene, PB81-117590. under section 307(a)(1) of the Act. The
These criteria are published pursuant to X. Fluoranthene. PB81-11760& document on TCDD (Dioxin) will be
section 304(a)(1) of the Clean Water AcL 37. Haloethers. PB8-117818. published within the next month after
AVAILAIUTY OP VoctMINvTS: 38. -talomethanes. P..1-117624. review of recent studies. Criteria for t~h
Summaries of both aquatic-based and 39. Heptachlor. PB81-117a32. section 307(a)(1) toxic pollutants being
health-based criteria from the 40. Hexachlorobutadiene. P81 - published today will replace the criteria
documents are published below. Copies 11764. for those same pollutants found In the
of the complete documents for 41. Hexachlorocyclohexane. PB81- EPA publication. Quality Criteria for
individual pollutants may be obtained 117657. Water. (the "Red Book.") Criteria for all
from the N'ational Technical Inlormation 42. Hexachlorocyclopentadiene, PB81- other pollutants and water constituents
Service NMIS). 5285 Port Royal Road. 117685. found in the "Red Book" remain valid.
Springfield. VA 2=61. (703-487-4.50). A 43. sophorone. PB81-117673. The criteria published today have been
list of the NTIS publication order 44. Lead. PB81-117681. derived using revised methodologies for
numbers for all o4 criteria documents is 45. MerZ'y. PBS-11769g. determining pollutant concentrations
published below. These documents are 46. Naphthalene. PB81-117707. that wilL when not exceeded.
also available for public inspection and 47. Nickel. PB81-11715. reasonably protect human health and
copying during normal business hours 48. Nitroben.zene. PB81-117723. aquatic life. Draft criteria documents
at Public Information Reference Unit. 49. Nitrophenols. PB81-117749. were made available for public
U.S. Environmental Protection Agency. 50. Nitrosamines. PB81-117758. commnent (44 FR 15925. March 15. 1979.
Room 2404 frear). 401 M St. S.W. 51. Pentachlorophenol. PB81-117784. 44 FR 43650. July Z5. 1979. 44 FR 56628.
Washington. D.C. Z0460. As provided in 52. Phenol PB81-117772. October 1. 9/79). These final criteria
40 CFR Part 2. a reasonable lee may be 53. Phthalate esters. PB8I-117780. have been derived after consideration c."
charged for copying services. Copies of 54. Polychlorinated biphenyls (PCBs). all comments received.
tiese documents are aiso available for P381-11779. These criteria documents are also
review in the EPA Regional Office 5. Polynuclear aromatic Issued in satisfaction of the Settlement
libraries, hydrocarbons. P81-118C5. Agreement in NaturclResources

.- are ohydroc6.aSelnu. PB81-112785. Dieense Council. er ao. v. Tra.'n 8 .R.C.
* le "- ."- 57. Silver. P81-117822. 2120 (1976). modified. 12 E.R.C. 1823

be5:.v. equesms sent to that office will 58. Tetrachloroethylene PB81-1730. (D.D.C. 1979). Pursuant to paragraph 11
be forwarded to NTIS or returned to the 59. Thallium. PB81-117848. of that agreement. EPA is required to
sender. 60, Toluene, PB81-117B55. _..publish criteria documents for the 65

1. Acenaphthene, PB81-217269. L. 01 Toxaphene. PB81-117863. . :pollutants which Congress. In the 1977'
2. Acroleir. PS81-117Z7. 82. Trichloroethylene. PB8I-11787L amendments to the Act. designated as
3. Acryloritrile. PBZ1-117Z5. 63. Vinyl chloride. P81-117889. toxic under section 307(a)(2). These
* Aldr.n/Dieldrn. P581-117301. 64. Zinc. PB81-117WT. documents contain recommended
*. Antimony. P381-117319. FFURTH"R INFORMA~oN comTAC maximum permissible pollutant
. ASetuc. PB81-117327. Dr. Frank Gostomskl. Criteria and concentrations consistent with the

7. Asbestos. PB81-117,335. Standards Division (WH-585). Urited protecion of aquatic organisms. human
8. Benzene. PB81-117293. Stateshealth and some recreational activities.
9. Benza.ne. P.81-117343. SI.hough paragraph 11 imposes certain
10. Beryllium. PB81-117350. o on the Agency, it does nct
11. Cadmium. PB81-117368. .. ate additional authority.
12. Carbon Tetrachloride. PB81- SUPPtJMENTARY INFORMATION; The Development of Water Quality

e17376. Background Criteria
14. Chlordne, be1-1enes. Pursuant to section 304(a)(1) of the Section 304(a)(1) criteria contain two117392. Clean Water Act. 33 U.S.C. 1314(a)(1). essential types of information: (,,)
15. Chlorinated ethanes. PB81-117400. EPA is required to periodical:: review discussions of available scientific data
18. ChloroaLtyl ethers. PBS-11741S. and publish criteria for water quality on &e effects of pollutants on public
17. Chlorinated naphtbalene, PB81- accurately reflecting the latest scientific health and welfare. aquatic life and

11742 . knowledge: recreation, and (2) quanUtative
18. Chlorinated phenols. PB81-117434. (A) on the kind and exient- of all concentrations or qualitative
19. Chlorofcrm. P881-11,442. identifiable effects on heait-1, and welfare assessments of the pollutants ;n water
20. 2-chlorophenol. PU-11745g. including, but co. Limaaed to. planktor, fish. which will generally ensure water
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qualityladequateto support a specified some pollutants. bioconcetration under section 33. or to-Jc polluLant
watermuse.LTnder section 3041a)1). these properties are used to formuLate criteria eMuent standards under sec~icn .:-..

criteria are based solely on data ad protective cf aquatc lWe uses. For States are encouraged to be;in to
scientific judgments an the relatio.snip almost all of the pollutants, modify or if necessary. develop r.e'.
between pollutant concentrations and bioconcentration properties are used to programs necessary to support t"c
environ.,ental and human health - assess the relative extent of human implementation of regulatory con=!7..
effects. Criteria values do not re-lect exposure to the pollutant either directly for toxic pollutants. As appropriate.
considerations of ecoomc lor through ingestion of water or indirectly States may incorporate criteria for to7
technolo-ical feasibiiity. Ltrough consumption of aquatir pollutants, based on this guidan:e. in

.ublication of water quality criteria of organisms. Human health criteria for their water quality standards.
this type has been an ongoing process rarcinogens are presented as . Section 304(a)[1) criteria have bee-
which EPA. and i!s predecessor Agency, incremental risksto man associated most closely associated with the
the Federal-Water Pollution Control with specific concentrations of the development of State water quaLty
Administration. have been engaged in pollutant in ambient water. The standards, and the -Red Boo.- vai.
since 19M6 At that time the first Federai Guidelines used to derive criteria have. in tze past. been the basis fcr
compilation of water quality criteria, the protective of aquatic life anc human EPA's assessme.ts of the adecuac-. -

so-called "Green Book" (1,'oter QLa,.y hea!th are fully described in appendices State requirements. However. EP.:
Criteria). was published. As now. ti.ese B and C. respectively. of this Notice. now completing a major review of i-
criteria contained both narrative The Agency believes that th -se water quality standards pclicies ar,
discussions of the environmental effects Guidelines provide eriteria wh ch more regulations. After coasiderator of
of pollutants on a ra=se of possible uses accurately reflect the effects of these comments received on an Advance

and concentrations of pollutants pollutants on human health an,i on Notice of Proposed Rulemaking (43 .7-
newessary 10 support these uses. Since aquatic organisms and their usrs. They 2958 . July 10. 3978) and the draft

that time. water quality criteria have are based on a more rational and criteria documents, the Agency in:e- E
been revised and expanded with consistent approach for using scientific to propose. by the end of t.is year. a
publication of the "Blue Book" (Wafer data. These Guidelines were dev-loped revised water quality standards
Quality Criteria 1972) in 197" and the by EPA scientists in consultation with regulation which will clarify the
'Red Book" (Quality Criteria for 14cer) scientists from outside the Agency and Agency's position on a number of
in i9M. they have been subjected to intensive significant standards issues.

Since publication of the Red Book public comment. With the publication of these cr.-
there have been substantial changes in Neither the Guidelines nor the criteria however. It is appropriate to disc'-.-
EPA's approach to assessing scientific are considered Inflexible doctrine. Even EPA's current thinking on standar&
Eaa apprachg toseing scienaic at this time. EPA is taking action to issues relating to their use. This

criteria. Previous criteria were derived employ the resources of peer review discussion does not establish new
groups, including the Science Advisory regulatory requirements and is Late.:

from a limited data base. For many Board. to evaluate recently published as guidance on the possible uses o!
pollutants, an aquatic life criterion was data, and EPA is conducting its own these criteria and an indication of fI
derived by multiplying the lowest evaluation of new data to determine rulemaking the Agency may ur'dler':.
concentration known to have acute whether revisions to the criteria No substantive requirements wi b
lethal effect on half of a test group of an documents would be warranted. established without fu:h'.er c~:.-:7-
aquatic species (the LCSO value) by an The criteria published today are for public comment.
application factor in order to protect based solely on the effect of a single
against chronic effects. If data showed a pollutant. However. pollutants in Water Quality Standards
substance to be bioaccumulative or to combination may have different effects .Section 303 of the Clean Water A:
have other significant long-term effects. because of synergistic. additive, or provide.i that w; ter quality standards
a factor was used to reduce the antagonistic properties. It is impossible developed for all surface waters. A
indicated concentrations to a level in these documents to quantify the . water quality standard consists
presumed to be protective. Criteria for combined effects of these pollutants, basically of two parts: (1) A "desipz-
the protection of human health were and persons using criteria should be use" for which the water body is to I
similarly derived by considering the aware that site-specific analysis of protected (such as "agricultural.'
pollutants' acute. ch.ronic. and actual combinations of pollutants may ..recreation" or fish and wild:;fe"*. z
bioaccurmulative effects on non-human be necessary to give more precise (2) "criteria" which are numerica!
m-amma!s and humans. indications of the actual environmental pollutant concentration limits or

Although a continuation of the impacts of a discharge. narrative Statements necessary to
process of criteria developmentp of preserve or achieve the designated us
criteria published today were derived Relationsip of the Section 304(a)() A water quality standard is deveiope:
using revised methodologies Criteria to Rethrlatory Programs trough State or Federal rulemakz:-.
(Guidelines) for calculating the impact Section 304(a)(1) criteria are not rules proceedings and must be translate.
of pollutants an human health and and they have no regulatory inpect. enforceable effluent limitaLons in a
aquatic organisms. These Guidelines Rather. these criteria present scientific point scurce (NPDES) permi, or me
consist of systematic methods for data and guidance on the enviromental form the basis of best manage'.en-.:
assessing valid and appropriate date effect of pbllutants which can be useful practices applicable to nonpo:ni so-.:
cor.cerning acute and chronic adverse to derive regulatory requirements based under secaron 20M of the Act.
effects of pollutants on aquatic on considerations cf water quaLty.','
ortansms. r.on-hunar ma,- -nals. and il:.acts Ur.der the Clean Wste. Act. Re.' tioiship of Secia, '':}
humars. E) use of these data in these re;ulatory requiremer.ts may Criteria to the Criteria Co..er. c

prescribed ways. criteria are Iormula!ed include the promulgation o; va:er State Wa ter Q.,chiy Stcrccrcs:
to protect a;uattc life and human health quahty-based effluent limitations under In the A,"PR.%M. EPA a-.ou:ce2 a
from exposure to the poUta.ts Ftcr section 302. water quaiitv standards policy of"presumptive a;PhcebW!\.

J-14



79320 Federal Register I Vol. 45. No. 231 / Friday, November 28. 1980 / Notices

section 304(a)(1) criteria codified in the 3. ASricultur and ldustriol Uses: the SDWA. Drinking water standards
Red Book.- Presumptive applicability The section 3=41a)[5) criteria wer* n-ot are established based on considerations.

ment that a State had to adopt a specifically developed to reflect the including technological and economic
criterion for a particul ar water quality Impact of pollutants on agricultural and feasibility, not relevant to section
parameter at least as stringent u the Industrial uses. However, the criteria 304(a)(1) criteria. Section 304(a)(1)
recommendation in the Red Book unless developed for human health and aquatic criteria may be analogous to the
the State was able to justify a less life are sufficiently stringent to protect recommended maximum contaminant
stringent criterion based on: natural - these other uses. States may establish levels (RMCLs) under section
background conditions, more recent criteria specifically designed to protect 1412(b)(1)(B) of the SDWA in which.
scientific evidence, or local site-specific these uses. based upon a report from the National
information. EPA is rescinding the 4. Public Water Supply: The drinking Academy of Sciences. the Administrator
policy of presumptive applicability water exposure component of the should set target levels for contaminants
because It has proven to be too human health effects criteria can apply in drinking water at which "no known or
inflexible in actual practice. dkrectly to this use classification or may anticipated adverse effects occur and

Although the section 304(a)(1) criteria be appropriately modified depending - which aBows an adequate margin of
represent a reasonable estimate of upon whether the specific water supply safety". RMCLs do not take treatment.
pollutant concentrations consistent with system falls within the auspices of the cost. and other feasibility factors into
the maintenance of designated water Safe Drinking Water Act's fSDWA) consideration. Section 304(a)(1) critera
uses. States'may appropriately modify regulatory control, and the type and ae. in concept. related to the health-
these values to reflect local conditions, level of treatment imposed upon the based goals specified in the RMCLs.
In certain circumstances, the criteria supply before delivery to the consumer. Specific mandates of the SWIWA such as
may not accurately re.lect the toxicity of The SDWA controls the presence of the consideration of multi-media
a pollutant because of the effect of local toxic pollutants in finished ("end-of- exposure, as well as different methods
water quality characteristics or varying tap") drinking water. A brief description for setting maximum contaminant levels

sensitivities of local populations. For, of relevant sections of this Act is under the two Acts, may result in
example. in some cases, ecosystem necessary to explain how the SDWA differences between the two numbers.
adaptation may enable a viable, will work In conjunction with section MCL of the SDWA. where they exist.
balanced aquatic population to exist in 304(a)(1) criteria in protecting human control toxic chemicals in finished
waters with high natural bLckground health from the effects of toxics due to drinking vater. However. because of
levels of certain pollutants. Similarly, consumption of water. variations in treatment and the fact that
certain compounds may be more or less Pursuant to section 1412 of the SDWA. only a relatively small number of MCLs
toxic in some waters because of EPA has promulgated "National Interim have been developed, ambient water
differences in alkalinity, temperature. Primary Drinking Water Standards" for criteria may be used by the States as a
hardness. and other factors. certain organic and inorganic supplement to SWA regulations. St-tes

Methods for adjusting the section certa nc and nr anic will have the option of applying MCLs.
304(a!(Il criteria to reflect these local substances. These standards eslsh section 304(a)*1) human health effects
differences are discussed below. "maximcu contaminant levels"riteria. modified section 304(a)(1)

("MCLs") which specify the maximum criteria or controls more stringent than
Reoti.s.'ip o fSection 30-i(c](11 permissible level of a contaminant in these three to protect against the ef7ects
Cr:ero to Designcted Wa:e: Uses: water which may be delivered to a user of toxic pollutants by in3estion from

The criteria published today can be of a public water system now defined as dinkirg water.

used to support the designated uses serving a minimum of 25 people. MCLs For un reated &ir..Lnig watr su ,s.

which are generally found in State are est'-iblished based on consideration States may control toxics in the ambient
standards. The following section of a range of factors including not only water through either use of MC.S [if
discusses the relstionship between the the health effects of the contaminants they exist for the pollutants of concern).
criteria and individu%l use but also technological ahd economic section 304(a)(1) human health effects
classifications. Where a water body is feasibility of the contaminants' removal criteria. or a more strigent contaminant
designated for more than one use. from the supply. EPA is required to level than the former two options.
cri:eria necessary to protect the most establish revised primary drincing water For treated drinking water supplies
sensitive use should be applied, regulations based on the effects of a serving less than 25 people. States nay

1. Rec.-eation: Recreational uses of contammiiant on human health, and choose toxics control through
water include such activities as include treatment capability, monitor'r.a application of MCLs (if they exist !cr : e
swimming. wading. boating and fishing. availability, and costs. Under Section pollutants of concern and are attainab~e
Although insufficient data exist on the 1401(1)(D](i) of the SDWA. EPA is also by the type of treatment) in the , ,ishe,
effects of toxic pollutants resulting from allowed to establish the minimum drinking water. States also have the -

exposure through such primary contact quality criteria for water which may be options to control toxics in the ambient
as swimming. section 304(a)(1) criteria taken into a public water supply system. water by choosing section 304(a)[I.)
based on human health effects may be Section 304(a)(1) criteria provide criteria. adjusted section 304(a)(1)
used to support this designated use estimates of pollutant concentrations criteria resulting from the reduction of
where fisln.; Is included in the State protective of human health. but do not the direct drinking water exposure
defnit:on of "recreation." In this consider treat'nent technology. costs component in the criteria ca, lat.o.. t.
situation cnly the portion of the criterion and other feasibility factors. The section the extent that the treatment proced,.;rE
based on fish consumption should be 304(a)(1) criteria also include fish reduces the level of pollutants, c: a ..n-re
used. bioaccu.rnu!ation and consumption stringent contaminant level than the

P-ctecvor crdP A-cpcgcricr o.'F.s. factors in addition to drect human former three options.
c.7d O er .4quctic L*fe: The sect:on drinking water intake. These numbers For treated dr.nk':.g water su:pl:es
304a~il crtena based on toxicity to were not developed to s!ve as -end cf serving 25 people or greater. States ,-us!
ac.. ., .,f. mav be used d;rec:. !o tap'" dr:nking water standards. and 'he' cotrcl tox:cs do,.- to levels at least as
sO;;crt t.:s ces:cnated se ha'%e no re.'2ialor, sicr:ficance -nder sr:r.eent as .ICLs 'tvhere -he% eys: f r
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the pollutants of concern) in the Finished scientific assessment of Its aquatic life criteria may be specifically tailored to
drirnking water. However, States also and liuman health effects. and the local water body by use of data from
have the options to control toxics in the technological and economric capacity to toxicity tests performed with that
ambient water by choostig section' control the discharge of the pollutant. ambient water. A procedure such as th:
304(a)(1) criteria. adjusted section For scome of the pollutants. all States would acccunt for lccal environ=c.entz
304a)(1) criteria resulting from the may be required to assess thern for conditions n formulating a cr-teron
reduction of the direct drinking water possible inclusion in their standards. For relevant to the local water body. Third.
exposure component in the criteria others, a.ssessment would be restricted site-specific water quality
calculation to the extent that the to States or limited to specific water characteristics resulitn; in either
treatment process reduces the level of bodies where the pollutants pose a ernhancemnent or mitigation of aquatic
pollutants,. or a more stringent particular site-spec-ific problem. life toxicity for the pollutant could be
contaminant level !ban the former three Crteria Modificatio Prcs factored Into final formulation of the
options. criterion. Finally, the criteria may be

Inclsio c/pecfic olltans ~Flexibility' is available in the made mnore stringent to ensureInclusion: c!Seii olfnsi tt application of these and any other valid protection of an individual species no!Striars:watetr quality criteria to reg-'115 toFy otherwise adequately protected by-Pr
To date. EPA has not required that a programs. Although in acme cases they of the three modifca bon proedu.res

State address any specific pollutant in may be used b-1 the States as developed. previously mentioned.
its standards. Although al1 States have the criteria may be modLied to refect EPA does not intend to have S-a-es
established standards for most local wrivirounwrtal conditions and assess every ;ocal stream segmnt an'
conventional pollutants, the treatment of hurman exposure patterns before lake in the Country on an inc~vi.dual
toxic pollutants has been much less Incorporation into programs such as basis before determining if an
extensive. In the ANPRM-. EPA W'ater quality standards. U sip7.ificant adjustment is necessary. Rather. -: is
suggested a policy under which States imnpacts cf site-specific water qua,'Iy envisioned that water bodies au
would be required to address a set of conditions in the toxicities of pollutants similar hydrological. chemnical. physicz.
pollutants and incorporate specific toxic can be ernonstrated or significantly and biological prcperties wUvil be
pollutant criteria ito water quality different exposure patterns of these grouped for the purpose of cri~e-.a
standar'ds. If the State lailed to.-U:1,4 pollutants to humans can be shown. adjustment. The purpose of ' u-s effort
incorporate these criteria. EPA woud section 304(a)(1) criteria may be to assist states in adapting -Te sec,;on,
promrulgate the stardards based upon inod;5ed to reflect th~ese local 304(a) criteria to local c~ndithon5 %1'P;
these criteria pursuant to section conditions. The term -local"~ ntay refer nedd.hrb1rcldn h e~.
303[c)(4)j-B1. to any appropriate geographic azva arbe.tryen peaps r unne en

In the forthcoming proposed revision where commxon aquatic envircnmrental atrigtrr nderhpsrotecessc'ite.a
to :be water quality stazdard conditions or exposure patterns exist. wtrbd.I l ae.EAw~ L
regul1ations. a signific-ant change in Thus, -local- may signify a Statewide. be required. pursuant to section 303f:
policy will be proposed relating to the regional. river reach, or entire river to determine whether the State wa!er
incorporation of certain pollutants in basin area. Om the other hand. the quality standards are consistent wvl
State water quality standards. Thi:s criteria of some pollutants might be the goals of the Act. includmg a
proposal will differ from the proposal applicable nationwide withiout the need detenmination of whether Stol-e-
made in the A.NPKNI. Tlhe ANPRM for adaptation to reflect local
prncposed an EPA-pubiished lhsto!t conditions. The degree ca txc* emtab~ished c':tena are aceq-.zte -c
po!1lutants for which States wou;ld have tcward aquatic organisms and hILMans surpcrt a eesignetad -.;e.
had to develop water quality standards. characteristic of these pollutants would Criteria for the Protection c! Aquzaric
7 his list -might have contained some (or not change significantly due to local Wie
aIdI of the 6f5 toxic pollutants. However, water quality condition. Itr.i
the-revised- water quality'standards .>-EPA isexaminng aserieS of !nePretwion o0f:he Criteri
regulation will propose a process by environmental factors or wvater quality The aquatic life crite--a issued toda2-:
which EPA will astist States in parameters which tright realistic-ally be are sumrmarized in Appendx A of t::
identifying specific toxic pollntants expected to affect the laboratory- Federal Register notice. Criteria have
required for assessment for possible derived water quality criterion been formulated by appiving a se: cf:
inclusion in State water quality recommendation for a specific pollutant. Cuidelines to a data base for each
standards. For these pollutants. Sates Factors su;ch as hardness. pH. pollutant. The ctrria !nr the
will have the option of adepting the suspended solids, types of aquatic of aquatic Mie spec .f: poilutar-,t
published -citer~a or of adjusting those organisms present. etc. could impact on conce- tra tions wh ih, if niot excee e
crreria ased on site-specific enalysis. the c-hemical's effect in the aquatic should protect most. but not rnecessar..

These pollutants world generally environment. Therefore. local all, aquatic life and its Uses. The
represent the greatest threat to inormation can be assembled and Guidelines specify thal cruteria shco:'z-
sustaining a healthy. balanced analy-zed to adjust the criterion be based an an array of data from
ecosystemn in water bodies or to hu=&n recommendation if necessary. organisms, both plant and armai.
health due to exposure directly or The Guidelines for deriv.ng criteria for eccupying various trophic levels. BasF

indirectly Irozn water. EPA is currenly the protection of aquatic lue suggest on these data, criteria can be der-% e6
developing a process to deterrt-ne several approaches for rnoiiying the which should be adequate to protec:
which pollutants a State must assess for. criteria. First. toxicity data, both acute types of organis.-rs necessary to s-.:
possible iclusion in its water quality and chronic. for local species could be an aquatic commnmuniry.
standards Relevant factors nught substituted for sorne or all of the species The Guidelines are not deS;Fg-.E~'
include the toxicity of the po'hutant. the used in deriving critera& for the water derive criteia which wAill ;ro-ec; a.:
frequency and concentration of its quality standard. The minimum data stages of all spec:es under a,
discharte. its georraphical d.istibutiunr. requirements should still be fulfilled in cond,.tions. Generally some life 5td~e

the bread&, of data underlying the calculating a revised criterion. Second. one or more tested species. and
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robably some untested speces, will way to assure the same degree of chronic value can be calculated direculy.
are sensitivities below the maximum protection with a one-number criterion 11 not. an acute-chronic ratio is derived

value or the 24-hour average under some would be to use the 24-hour average as a and then used with the Final Acute
conditions and would be adversely concentration that is not to be exceeded Value to obtain the Final Chronic Value.
affected if the highest allowable at any time In any place. The Final Plant Value Is obtained by
pollutant concentrations and the -worst Since some substances may be more selecting the lowest plant toxicity value
conditions existed for a long time. In toxic in freshwater than in saltwater, or based on measured concentrations.
actual practice. such a situation Is not vice versa, provision Is made for The Final Residue Value is intended
likely to occur and thus the aquatic deriving separate water quality criteria to protect wildlife which consume
community as a whole will normally be for freshwater and for saltwater for each aquatic organisms and the marketabiliry
protected if the criteria are not substance. However. for some of aquatic organisms. Protection of the
exceeded. In any aquatic community substances sufficient data may not be marketability of aquatic organisms is. in
there is a wide range of Individual available to derive one or both of these acruality, protection of a use of that
species sensitivities to the effects of criteria using the Guidelines. water body ("commercial fishery"). Two
toxic pollutants. A criterion adequate to Specific aquatic life criteria have not kinds of data are necessary to calculat-
protect the most susceptible life stage of been developed for all of the 85 toxic the Final Residue Value: a
the most sensitive species would in pollutants. In those cases where there bioconcentration factor (BCE] and a
many cases I-e more stingent than were insuMcient data to allow the maximum permissible tissue
necessary to protect the overall aquatic derivation of a criterion. narrative concentration. which can be an FDA
community. descriptions of apparent threshold levels action level or can be the result of a

The aquatic life criteria specify both for acute and/or chronic effects based chronic wildlife feeding study. For lipid
maximum and 24-hour average values, on the available data are presented. soluble pollutants. the BCF is

The combination of the two values is These descriptions are intended to nor..alized for percent lipids and ther,
designed to provide adequate protection convey a sense of the degree of toxicity the Final Residue Value is calculated byof aqua tic life and l q uses from acute of the pollutant in the absence of a dividing the maximu permissibleand cu.ranicn toxicity and criterion recommendation. tissue concentration by the normalzedbioconcantration without being as Summary of the Aquatic Life Guidelines BCF and by an appropriate percent lipidbioc ra aone-nthu beng cterhon TquatiLe Guidelines f~er Water value. BCFs are normalized for percent
resLrictive as a one-number criterion The Guidelinesfor Deiving Water lipids since the BCF measured for ay
would have to be to provide the same Quality Citeria for Lte Protection cf individual aquatic species is generally
amount df protection. A time period of Aquatic Life and its Uses were proportional to the percent lipids in _.ha:
24 hours was chosen in order to ensure developed to describe an objective. species.
that concentrations not reach harmful internally consistent, and appropriate I sufficient data are available to
levels for unarceptably long periods. way of ensuring that water quality demonstrate that one or more of the
Averaging for longer periods. such as a criteria for aquatic Life would provide, final values should be related to a wate-
week or a month for example. could on the average, a reasonable amount of quality characteristic, such as salirty.
permit high concentrations to persist protecdon without an unreasonable hardness. or suspended solids, the final
long enough to produce significant amount of overprotection or value(s) are expressed as a function
advene effects. A 24-hour period was underprotection. The resulting cr:teris that charac'enstic.
chosen instead of a slightly longer or are not intended to provide 10 percent After the four Ihal values (--ina!
shorter period in ecognition of daily protection of all species and all uses of Acute Value. Final Ch-onic Value. ,Fin,-
fluctuations in waste discarges and of aquatic life aUl of the time. but they are Plant Value, and Final Residue Value)
the influence of daily cycl 's of sunlight intended to protect most species in a have been obtained, the crite:ion is
and darkness and tempers ture on both.. balanced. healthy aquatic community. established with the Final Acute Value
pollutants and aquatic organisms. The Guidelines are published as becoming the maximum value and the

The ma.ximum .ralue. which is derived Appendix B of this Notice. Responses to lowest of the other three values
from acute toxicity data. prevents public comments on these Guidelines becoming the 24-hour average value. .- :.

'significant risk of adverse impact to are attached as Appendix D. of the data used to calculate the four
organisms exposed to concentrations Minimum data requirements are final values and any additional pernr.e7":
above the 24-hour average. Merely identified in four areas: acute toxicity to information are then reviewed -o
specifying the avera2e value over a animals (eight data points), chronic determine if the criteron is reasonai.:e
specified tme period is Insufficent toxicity to animals (three data points). I sound sc.ent:fic evidence ;ndicaes
because concentrations of chemicals toxicity to plants. and residues. that the criterion should be raised or
higher than the average value can kill or Guidance is also given for discarding lowered, appropriate changes are made
cause irrepa.rable damage in short poor quality data. as necessary.
periods. Furthermore. for some Data on acute toxicity are needed for The present Guidelines have been
chemicals the ef.ect of Lntermiltent hiih a variety of f1', and invertebrate revised from the earlier published
exposures is cumulative. It is therefore species and are used to derive a Final versions (43 FR 21506. May 18. 197e: -3
necessary to plate an upper limit on Acute Value. By taking into account the FR 29028. luly 5. 1978. 44 FR 159-6.
pollutant cancer trations to which number and relative sensitivities of the March Is. 19,91. Details have been
aquatic organisms might be exposed. tested species. the Final Acute Value is added in many places and the conce7:
The two-number criterion is intended to designed to protect most. but not of a minimum data base has beer
descnbe the highest average ambient necessarily all. of the tested and incorporated. In addtior. three
water concentration which will produce untested species. adjusnent factors and the spezes
a water quait:. generally suited to the Data on chrcnic toxic:ty to anirnals sens;tivity factor have been deiete4
maintenance of aquatic :ife while can be used to derive a Fina! Chronic' These mod:rications were the resu':
rest:ctia the extent and duration of the Value by two dzfferent means. If chron:c the Agency's analysis of ;ub!.c
e*.:ursins over that aseraae !c le- e's values are avaiable for a speci!-ed cor.nents an! co.ments rece~ve -, !rc"7
%,.. w-:! not cause har. The c.y number and array of soeces. a f:r.a! :-e Sc:ence A'. is:ry Ecari:n ea.e -
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versions of the Guidelines. These aquatic exposure routes. adjustments In organisms found In ambient wate-s
cormnents and the Resultant water concentration values -nay be criterion developed in tL:s mar-.e:.
modifications are adIressed fully In made. The Agency intends vublish Judged to be as useful as c',-et t. yrs
Appendix D to this notice. guidance which will permit e States to criteria In protecting desi na:ed %a:
Criteria for the Protection of Human identify sig:ifican ly diflerE... exposure uses. In addition. where d.a art
Cea pk,?uerns for their populations. If available, toxici.ly-bas!d c.,iena -.v

etwarranted by the demonstration of also presented for po~lutants wit
lZterprettaion of the Hu.nan Health sigrificartly different exposure patterns, derived organoleptic cr t'ia. The .:
Criteria this will become an element of a process of criteria used in water quality

The human health criteria issued to adapt/modify human health-based standards for these pollutants wil
today are summarized ,n Appendix A of criteria to local conditions. somewhat depend upon the designated use to b-
this Federal Register rotice. Criteria for analogous to the aquatic life criteria protected. In the case of a multip!e
the protection of hu.'an health are modification process discussed water body, the criterion protec.-4
presented [or 82 -r the 65 pollutants previous!y.-It is anticipated that States most sensitive use w,l be ap;tied.
based on their carcinogenic, toxic. or at their discretion will be able to set Finally, for several pliutal-ts no
organoleptic (taste und odor) properties. appropriate human health criteria based are recommended due !o a lack of

The meanings and practical uses of the on this process. information sufficient for qua.n,'ia-.
criteria values are distinctly different The pharmacokinetics section reviews criterion formulation.
depending an the properties on whic.h data on absorption. distribution.
they are based. metabolism, and excretion to assess the ,isk Extrapoation

The objective of the ealth biochemical fate of the compounds in Because methods do -. : now ccx

ssessment portions of the criteria the human and animal system. The toxic establish the presence of a thrshoic

dacement psrtoesimate ami ter effects section reviews data on acute, cmcinogerdc effects. EPA's policy isocumentis to estimate ambient water subacute. and chronic toxicity, there is no scientilic bas; for as -concentration s which .in the case of
non-carcinogens. prevert adverse health synergistic.and antagonistic effects, and "safe" levels for carc;.nogens. The
nof..ctsinohumans d irev he a se heafth specific information on mutageliciy. criteria for carcinogens. therefor."
suffect in hu n, cardinoge. t esen t eratogeni ly. and carcinogenicity. that the recom:ended conceraraL-c
uspect or proven carc'mogens represent From this review, the toxic effect to be maximum protection of hu.n ca±_"

various levels of incrermenal cancer protected against is identified ta3rg zero. In addition. Le Agency has
risk. into account t2he quality. quantity. and presented a range of ncsntr2L-c=:

Healt assesments typical.]y contain weight of evidence characteristic of the corresponding to L.cemenz, car.c:2.
discussions of four elemc.nts: Exposure, data. The criterion fcrmulation section risks of 10' to :0"1 (one aditirona -
ph.-ma~okinetic., toxic effects, and reriews the higlhl ghts of the text and of cancer in populatio ". --.-
criterion fasrslaton specifies a rationale for criterion ten million to ICX,.OI, reMspati-'v.

ne ex~os.-e section sunma.i.es development and the mathematical Other concentr tioz; represt-cz-z:_
Lnformaticn oen exposure oures: derivation of the criterion number. different risk levels may be ra:-=-z:
fres-on directo from waea indirectly Within the limitations of tine and by use of the Guidelines. The r.sk
from consumption of aquatic organisms resources currer.t published information estimate range is preseated fcr
found in ambient water, other dietary of significance was ircorporated ito the information purposes an does
sources. inhalation, and dermal contact. human heait.h assessments. Review represent an Agency jL .-e-' c:. .
Exposure assumptions are used to articles and reports were used for data "acceptable" risk leve!.
derive human health cri'tera. Most t.vaiuation end synthesis. Scientific
criteria are based solely on exposure judgment was exercised in reviewing Guidelines
from consumption of water containing a and eval atlng the data in each criter.
specified concentration of a toxit documen and in idertifying the adverse The health assess-"en:s a-d
pollutant and through c.nsumption of effect fo w-hich protective criteria were corresponding criteria published cda.
aquatic crga.nisms which are assumed to publishe, were derived based on GuCviines.r
heve bioconcentrated pollutants from Specific health-based criteria are Afethodology Usedin L.e P.-e':.
the water in which they live. Other ceveloped only if a weight of evdence Health Effect Assessme.-_, CA.:.e: .
multimedia routes of exposure such as supports the occurrence of the toxic the Consent Decree Water C't::c::
air. non-aquatic diet, or dermal are not effect and if dose/response data exist Documents (the Cu idencs) dev-'c-.
factored into the criterion formulation from which critena can be estimated. by EPA's Office of Reserch and
for the vast majority of pollutants dne to Criteria for suspect or proven Development. The esti.rnaon of lE.z.:
lack of data. The criteria are calculated carcinogens are presented as risks associated with human ex,'osu:_,
using the combined aquatic exposure concentrations in water associated with environmental pollutants :e;u.-es
pathway and also using the aquatic a range o! incremental cancer risks !o predicting the effec: of low dCse, !Z:r
organism Ingestion exposure route man. Criteria for non-carcinogens to a lifetime in duration. A conihin-.-:;
alone. In criteria reflecting both the represent levels at which exposure to a of epiderniological and em=a ! ?- ;E,.

water consumption and aquatic single che=.ical is not anticipated to response data is considered the
organism ingestion routes of exposure. produce adverse effects in man. In a few preferred basis for quent, ative cn:t-.
the relative exposure contribution varies cases, oranoleptic (taste and odor) data derivation. The cormpete Guidc!,_--.
with the prope:..sity of a pollutant to form the baa"s for the criterion. While presented as Append.x C. Major iss.
bioconcentrate. with the consumption of ,hi-s type of criterion does rot represent associated with these Guide',res F..
aquatic'o ganisms becoming more a value which directly affects human reEporses to public c.-n'ents are
important as the bioconcentration factor healt, it is presented as i" estimate of presented as Appendix E.
(BCF) increases. As additional the level of a pollutant that will not No-tffect fnon-c.-c&rcger.; or
information or, total exposure is produce unpleasant taste or odor either specified risk (carcincien'
assembled for pollutants for which directly from water consumption c" concenl-ations we."e estimated .
criteria rcflect only the two specrified indrectly by consumption of aquatic exrapiclation ircrn anirta,! tcxic.'. c-
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human epidemiolog studies using the way to demonstrate the scientific toxicity to freshwater algae occur at
followizg basic exposure assumptions: a validity of any model the use of risk concentrations as low as 520 pg/L
S0-kilogram male person (Report of the extrapolation models Is a subject of SaltwaerAquatic Life
Task Croup on Reference Man. debate in the scientific community.
International Comnnsuion for Radiation However. risk extrapolation Is generally The available data for acenaphtheze
Protection. November 23. 1957) as the recognized as the only tool available at indicate that acute and chronic toxicity
exposed individuaL the average daily this time for estimating the magnitude of to saltwater aquatic life occur at
consumption of freshwater and health hazards associated with non- concentrations as low as 970 and 710
estuarine fish and shellfish products threshold toxicants and has been jg/L respectively, and would occur at
equal to .5 grams/day; and the average endorsed by numerous Federal agencies lower concentrations among species
ingestion of two liters/day of water and scientific organizations, including that are more sensitive than those
(Drinking Water and Health. National EPA's Carcinogen Assessment Group. tested. Toxicity to algae occurs at
Academy of Sciences, National the National Academy of Sciences. and concentrations as low as 500 AS/L
Research Council. 19'7). Criteria based the Interagency Regulatory Uaison Human Health
on these assumptions are estimated to group as a useful means of assessing
be protective of an adult male who the risks of exposure to various Sufficient data is not available for
experiences average exposure carcinogenic.-ollutants. acenaphthene to derive a level which
conditions. would protect against the potential

Two basic methods were used to Nou-Caxdnoens toxicity of this compound. Using
formulate health criteria. depending on Health criteria based on toxic effects available organoleptic data, for
whether the prominent adverse effect of pollutants other than carcinogenicity controlling undesirable taste and odor
was cancer or oQher toxic are estimates of concentrations which quality of ambient water, the estimaed
manifestations. The following sections are not expected to produce adverse level is 20 Jg/l. It should be recognized
detail these methods. effects in humans. They are based upon that organoleptic data as a basis for

Carcinogens Acceptable Daily Intake AD ) levels establishing a water quality criteria
and are generallyderived using no- have limitations and have no

Extrapolation of cancer responses observed-adverse-effect-level (NOAEL). demonstrated relationship to potential
from high to low doses and subsequent data from animal studies although adverse human health effects.
risk estimation from animal data is human data are used wherever Acrolein
performed using a linearized multi-stage available. The ADI is calculated using
model. This procedure is flexible enough safety factors to account for Freshwater Aquatic Life
to fit all monotonicaLy-increasing dose uncertainties inherent in extrapolation The available data for acrolein
response data, since it incorporates from anima1 to man. In accordance with indicate that acute and chronic toxicity
several adjustable parameters. The the National Research Council to freshwater aquatic l:fe occurs at
multi-stage modil is a linear non- recommendations Drin.,g l Vater and concentrations as low as 8 and 21 ,,;.
threshold model as was the "one-hit" Health. National Academy of Sciences. respectively, and would occur at lower
model originally used in the proposed National Research Council. 1977). safety concentrations among species that are
criteria documents. The linearized multi- factors of 10, 100, or 1,000 are used more sensitive than those tested.
stage model and its characteristics are depending on the quality and quant of
desaribed fully in Appendix C. The data. In some instances extrapolations Sc!:"ceer.Aquc:ic Life

are made from inha!ation studies or The available data for acrolein
endorsed by the four agencies in the limits to approximate a human response indicate that acute toxicity to saltwater
Int ragency Regulatory Uaison Group from ingestion using the Stokinger.- aquatic life occurs at concentrations as
and is less likely to underestimate risk Woodward model UJournal of American low as 55 g/l and would occur at lower
at ie low doses typical of ther Water Works Association. 1958). concentrations among species that are
models that could be used. Because of Calculations of criteria from ADIs are more sensitive than those tested. No
the uncertainties associated with dose made using the standard exposure data are available concerning the
responser animal-to-huan assumptions (2 liters of water. 8.5 grams chronic toxicity of acrolein to sensitive

extrapolation and other unknown of edible aquatic products. and an saltwater aquatic life.
factors. because of the use of average average body weight of 70 kg). Human Health
exposure assumptiors. and because of Dated October 24. 1980.
t serious public health consequences Douglas MI. Castle. For the protection of human health

that could result if risk were Administrator. ingested through water and
underestimated. EPA believes that it is . in ated qu ateran i
prudent to use conservative methods to Appendix A-Summary of Water contaminated aquatic organisms. t oe
estimate risk in the water quality QuaLity Criteria ambient water Criterion is determined tocriteria program. The linearized Acenaphthene - be 3c0 og/h.• For the protection of human health
multistage model is more systematic and Freshwater Aquatic Lfe fro the toxic properties of acro!ei"
invokes fewer arbitrary assumptions
than the "one-hit' procedure previousl) The available data for acenaphthene ingested through contamL-iated aqa;c
used. indicate that acute toxicity to freshwater or-anisms alone, the ambient water

It should be noted that extrapolation aquatic lie occurs at concentrations as criterion is determined to be 780 gl.
models provide estimates of risk since a low as I.700,ug/l and would occur at Acrvlonitrile
a.antey of assumpt:ons are built into any lower concent-rations among species.nodel. Node:s us:ng widely different that are more sens3uve than those Fres.%+'onr.4cu.::c Lfe

assumpticns may produce est:.rates tested. No data are available conce.-nzn; The availajle data for acrylcn::r7.e
ran .ng over several orders of the chronic toxicity of acenaph:hene to indicate zhat acute tox.:c:t% :o !resn%,%a:e-
--,ac .:_de S~r.,e there ;s at pres .': .o se.sitive fresh%% ater aquatic an=.als t';! aq~ a-:c ',e occurs at concer.: ::c,,s as
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tbw as 7,550 jpg/l and would occw at assumption for this chemricaL However, Antimony
lower concentrations among species zero level may not be attainable at the Fresh water Aquatic Life
that are more sensittve than those present time. Therefore, the levels which
tested. No definitive dEta are available may result in incremental Increase of The available data for antimony
Concernlng the chronic toxicity of cancer risk over the lifetime are Indicate tbat acute and chrnc toni .
acrylonitrile to sensitive freshwater estimated at 10-. 10". and 20-'. f"be to fresbwater aquatic life occur at
aguatic life but mortality occurs at corresponding criteria are n ng/L .071 concentrations as low as 9.000 and L,-
concentrations as low as 2.500 ISl with zi. and Mn ng/L respectively. If the gL respectively, and would occu a!

nower concentrations among speciesFish species exposed for 30 days. - :aove estimates are made for that are more sensitive than those

o,.~twterAquotic i~t "elonsumptionof aquatic organisms only. tested. Toxicity to algpe occurs at
Only one saltwater species has been eXcudnS consumption ofwafer, the concentrations as low as 610 g/L

tested with acrylonitrile and no levels ae .78 rg/l. .075 ngfL and W-0a
statement can be made concerning acute /1 respectively. Other concentrations Soltm wter Aquatc Life
or chromic toxiity. representing different risk levels may be No saltwater organisms have be-:
oHmni Ht . calcuated by use of the Guidelines. The adequately tested with antimony. a.cd
Hzmcn Health - . risk estimate range is presented for no statement can be made concz.-L".

For the maximum protection of human information purposes and does not acute or chronic tox3city.
health from the potential carcinogenic represent an Agency judgment on an Huan Health
effects due to exposure of acrylonltr.ne !acceptable" risk leveL
through ingestion of contaminated water A . For the protection of human heelth
and contaminated aquatic organisms, from ).he toxic properties of antmon y
the ambient water concentration should Fresh woerAquatic Life ingested through water and
be zero based on the non-threshold Fo - .contarninated aquatic or2anisrns. t.
assumption for this chemical Mowever, For freshwater aquatic 1ife the ambient water criterion is dcte.-
zero level may not be attainable at he concentration of aldrin should not be 145 g/L
present time. Therefore- the levels which exceed 3.0 1igfl at any time. No data are For te protection of human hea
may result in incremental Increase of available concerning the chronic toxicity from the toxic properties of antt.ony
cancer risk over the lifetime r -e of aidrin to sensitive freshwater aquatic ingested through contaminated squat;,,

estimated at 10-1. 20-. and 10- .The flfe.--* organisms alone, the ambient water
corresponding criteria are a . . 5 - Aai " l criterion Is determined to be 45.0CW ;
j.gfl and .006 ;Lg/L respectively, If the . - . Amrenic
above estimates are made for. For ialtwater aquatic fe the FreshwaterAquaticLife
consumption ofraquatic organisms only. -concentration of aidrin should not
excluding consumption of water, the * exceed 1.3 )g/l at any time. No data are for freshwater aquatic life the
levels are 8Z ag/l, A5 g/l and .M65 ).- available concerning the chronic taxicity concentration of total recoverable
L respectively. Other concentrations .of aldrin to sensitive saltwater aquatic trivalent inorganic arsenic should no,,
representing difrerent risk levels may be life. . :, - exceed 440 ,ug/ at any time. Shot-te:-
calculated by use of the Guidelines. The effects on embryos and lar-ae of aq-,"
risk estmate rant is presented Afo Human Health . • vertebrate species have been shbc-7
information purposes and does not For the maximum prDtection of human occur at concetratiors as low a: -

represent an Agency.jAgment on an. health from the potential carcirngenic I
"acceptable" risk level. . effects due to exposure of aldrin through Saltwotez A qasic Life

Aldriz-Diefdrln .. Ingestin of contaminated water and. The available data for total

Dieldrfin " - . contauninAted aqua tic organisms, the .. •recoverable trir-lent inorganic arsen
ambient water concentration should be indicate thai acute toxicity to salrwr

FreshwoterAquat: Life. -zero based on the Don-thresold aquatic life occurs at concentraz
For dieldrin the ra'iteriou to protect assumption for this chemical.'/4owever. low as 598 14gfl and would ocr= at

fresh water aquatic lie as derived ung zero level may not be attainable at te lower concentrations among specs
the Guidelines is 0.0019 pgl as a 24- present time. Therefore, the levels which that are more sensitive than Lhose
boar average and the concentration may result in incremental increase of tested. No data are available co-:U.-
shonld not exceed 7-5 &gAl at any time. cancer risk over the lifetime are the chronic toxicity of trivalent

olt'rAqoat' Lfe -. •"" " . estimated at 10-6. 10- . and I0"U The inorganic arseaic to sensitve sa!waE
. corresponding criteria are .74 ng/., .074 aquatic life-

For 2eldrin the criter=o to protect ng/li, and .0074 ng/1. respectively. If the Human Health
saltwater aquatic life as derived using above estimates are made far
the Guidelines Is .0019 Igfl as a 24- consumptionof auatic.orsaisin only. For.the mai..mum protecuon of hz
hour average and the concentration- rxcludi]'g consumption of water, the heath from the potenti j caremo-.
should not exceec 0.71 pg / at any.time. levels are .79 ng/1,a. n.079 , at&0 through efc estion du c.,ontsmiae w

Human Health ng/. respectively. Other concentrations and contaminated aquatc or
For the maximum protection of human respresentinj dirferent risk levels may the ambient water concentraton s-

health irom the potential carcinogenic be calculated by use of the Guideines. be zero based on te non-thrshod
effects due to exposure of dieldrin - * The risk esimate rar4e is presented for assumption for this chemical. Howe'.
through ingestion of contaminated water information purpoase and does not zero level may not be attainable at -
and outamiated aquatic orsanisms. represent an Agency indgment on an - present time. Therefore. the leves A

the ambient water concentration should "acceptable"- nsk level. may result in incremental increase c
be zero based on the non-threshold cancer ask over the Lifetme are

J-20
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estimated at 10;. 10-. and I "TO The low as &.100 pgfl and would occur at cancer risk over the lifetime are
corresponding criteria are = ng/I. 2.2 lowler concentrations among species estimated at 10-. i0-t and 10-'. The
n /L. and .a-nrlL espectively. f the that are more sensitive-than those corresponding criteria are 1.2 ng/, AZ
above estimates are made for , tested. Nu definitive data are available ng/i, and .01 tg/l: respectively. If the
consumption of aquatic organlsus only. concerning-the chronic toxicity o above estimates are made for
excluding consumption of water, the benzene to sensitive saltwater aquatic - consumption of aquatic organisms only.
levels are 175 nYL 17.5 ng/[. and i.5 lIfe, but adverse effects occur at excluding consumption of water, the
n/L respectively. Other concentrations concentrations as low as 700 p$gl with a levels are 5.3 ng/i. .53 ng/I. and .os ng!
representLng different risk levels may be fish species exposed for 168 days. / 1. respectively. Other concentrations
calculated by use of the Guideline Tre' Human Th e- -' " representing different risk levels may be
risk estimate ange a presented for , calculated by use of the Guidelines. The
information pur.poses and dmoe rot - .Fo the maxim protection othuman" risk estimate range Is presented for
represent an Agency Judgment an an a-.leth from the potential carcinogenic Information purposes and does not

acceptable- risk level- effects due to exposure of benzene' represent an Agency judgment on an
Se . ,. ", through ingestion of contaminated water "acceptable" risk leveL.

an .. " .. " iid contaminated aquatic organisms, Beryllium - -

Fresh water Aqzatic Life h . the ambient water concentration should

No beshwater org.anisms have been 'be zero based on the non-threshold FreshwaterAqu6tic Life

testeTWith any asbestiformn mineral and assumption for this chemical However. The available data for beryllium
no statement can be madt coscerning , zero level may not be attainable at the indicate that acute and chronic toxi-;th
acute or chronic toxicity.. present time. Therefore, the levels which to freshwater aquatic life occurs at
acuwte r ronic tox'cty. ". " * " " 'may result in incremental increase of concentrations as low as.130 and 5.3 pi'
SaltwtereAquatic Life r risk over the lifetime are L respectively, and would occur at lower

No saltwater organisms have been - estmatedat =0a =, "O and "'. The concentrations among species that are
tested with any asbestiform mineral'and -corresponding criteria are 5.8 psfL .66 more.sensitive than those tested.
no statement can be made concen ,, g/L and .066 pg/L respectively. If the " Hardness has a substantial effect an
cute or chronic toxicity. above estimates are made for acute toxicity.

HaHe chronic ti. . . ". "" - Consumption of aquatic qrga.nisms only,
arianHealth .excluding consumption of water, the Selt vaterAquc-'c Life -

For the maximum protectionof hiuman; levels are 400 pg/L 40.0 ;g/IL and 4.0 g/ The limited saltwater data base
healh from the poterntial carcinogenic . 'L respectively. Other concentrations available for beryllium does not permit
effects due to exposure of asbestos '. -1. representing different risk levels may be any statement concerning acute or
through Lngestiob of contaminatid water calculated by use of the Guidelines. The chronic toxicity.-. . . ....

ane: contaminated aquatic organisms. . risk estimate range is-presented for Human Health
the ambient water concentration shculd.-- information purposes and does.not
be zero based on the non-threshold .... represent an Agency judgment on an " For the mium protection of hum.n
assumpor for this cemical However, "acceptable" risk level - health from the potential carcncgemic
zero level may not be attainable at the Be'dine effects due to exposure of be.-ylliu-
present time. Therefore. the levels which .... . . through ingestion ocontaminale "  wai-
may result in incremental increase of FreshwaterAqubtic Life - and contaminated aquatic organis~m.
cancer risk over the lifetime are Taeavaila'ole data for benzidine the ambient water concentration shoua-
estimated at 20-" 1O"; and 10i .The. ,-, ndicate that acute to'xcity to freshwater be zero based on the non-threshold
corresponding criteria are 3M000 aquatic .We occurs at concentrations as' assumption for this chernica. However.
fibers/300 ibers/, an 3-i s low as 2-M pg/l an d would occur at zero level may not be attainable at the
1. respectively. Other concetrations lower concentrations among special present time. Therore. the le .
representing different risk levels may be *h ,- may result in nemental inc.rease of"

taemore- sensitive than those myrsl i nrmna nraeo
calculated by use of the Guidelines. The tested. No data are available concerning cancer risk over the lifetime are
risk estimate range is presented for. the chronic toxicity of benzidine to estimated at ei. a0. and "1. -he
information purposes and does not sensitive feswater quat life. criteria are 37 g. 3.sestv frswae aquati file.-.n/.ad 3 gL epcvly f.
represent an Agency judgment on an -. . .. .: . - . ngJ- and .37 ng/L respectively. if
"acceptable" risk leveL . Saltwater'.Aquatic Lif' -.f-e . % above estimates are made for

- .Ben.ene -.... .... - .,,. - 'No salrtter organisms have been .conuinron of aquatic orgasis or'..
B e n e- -- tested with benzdine and no statement excluding consumption of water, the
FrshwaterAquatic Life - levels are 641 ng/L 54.2 ng/l. and 6.41, ..:,'.: ";, ....ca be adeconcram acte nd "'" ng/L respectively. Other conicent'atic.-.!

The available date for benzene. ch.1onic toi'city. -" ....
"-ta tt"tt ewe ""-" representing different risk levels may'--.. indicate tha acte toxicity to feshwaier"-L-". .

H~jrart~aldi'~. - -. calculated by use of the Guidelinesi, Ti-.
aquatic life occurs at concentrations as - .m - , -. "" or h risls'iate by s pe sene TE
low as 5.300 pg/I and would occur at ifFor the max.nuu'protectlon ofhuman risk estimate range is presented nor
lower concentrations among species.:'" health from the potential carcinogenic. information purposes and does no:

e that are more sensitive than those . effects due to exposure of benzidine represent an Agency judgment olv a
tested. No data are available concerning through ngestion of contaminated water "acceptabe" rsk level.

0 the chronic toxicity of benzene to . and contaminated aquatic organisms. Cadmium '
41 sensitive fie.shwater aquatic life. the ambient water concentration should
U Soliaterq - ... - • be zero based on the non-threshold PreshwoterAquotic Life

Te Aqilabeata .for . ",." assumption for this chemical. However. For total recoverable cadmium the
The available data for benzene zero level may not be attainable at !he crterion (in pg/l) to protect fresh-ate-

and:cate that acute toxcuir to saltwater present time. Therefore, the levels which aquatic life as derived using t'.e
- suit in incremental increase of Guidelines is the numericai value ,
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by "  as a 24-hour the non-threshold assumption for this concentrations as low as 2-0 jLig an
average and the concentration (in pg/1) chemical. However, zero level may jot would occur at lower concentrabon3
should not exceed the numerical value be attainable at the present time. - among species that are momsensii',
given by • €

1
"
ft

U
ftWP"f

) l' S at any Therefore. the levels which may res.lt in than those tested. No data are avail!
time. For example, a hardnesses of 5M. Incremental increase of cancer risk over conce'ning the chronic toxicity of tz
2CI, and 200 mgSl as CaCO, the criteria the lifet1ime are estimated at 10-1. 10. more toxic of the chlorinated ber-.-
are 0.0Z2 0.02. and 0.051 jig/L and 10- . The corresponding criteria are to sensitive freshwater aquatic lfe Z
respectively, and the concentration of 4.0yg/L .40 ILag'. and .04 ;&SgL -toxicity occurs at concentrations as .
total recoverable cadmium should not respectively. It the above estimatesre is 0 "Il for a fish species exposed
exceed 1.5. 3.0 and 6.3 js./L respectively, made for consumption of aquatic 7,, days.
at any time. organisms only, excluding consumption S'lw~rAquodc Life
ScrwaterAquatic Life . of water, the levels are 9.4 LgfL 6.94

q "pg/L and .W jASfL respectively. Other The available data for chlormated
Far total recoverable cadmium the concentrations representing different benrenes indicate that acute and

criterion to protect saltwater aquatic life risk levels may be calculated by use of chronic toxicity to saltwater aqua
as derived using the Guidelines is 4.5 the Guidetines. The risk estimate range occur at concentrations as low as
jug/l as a 24-hour average and the , is presented for information pu'poses and 1W9 &IgL respectively, and w -:
concentration should not exceed 9 gfl and does not represent an Agency Ocur at lower concentrations a=c.
at any time. judgment on an "acceptable" risk level species that are more sen.asitiv ha.
Human Healt . *'... . . -. -those tested. -"

The ambient water quality criterion FeshwaterAquatic Life- Hum CIT Health
for cadmium is recommended to bre Lf.For the maximum protection o-
identical to the existing drinking water For chlordl ne the criterion to protect health from the potential car-io :,
standard which is 10 pg/L Analysis of freshwater aquatic life as derived using effects due to exposue of
the toxic effects data resulted in a the Guidelines Is 0.043 ,Lglf as a 24- bexachloroben.zene through Ingesti .
calculated level which is protective of bour average and the concentration contaminated water and cont.r.-:
human health against the Ingestion of should not exceed 2-4 1S11 at any time. aquatic organisms. the ambient wae

-contaminated.water and contaminated .SalrwoterAquaL;c Life . concentration should be zero based c
aquatic organisms. The calculated value the non-threshold assumption for th:-.
ls comparable to the present standard. - For .hlordane t'e c"iterion to protect chemical. However. zer"o level =-
For this reason a selective criterion . saltwater aquatic life as derived using be attainable at the present time.
based on exposure solely from . the Guidelines is 0.0040 p as a 24- Therefore. the levels which mayr
consumption of .5 grams of aquatic " hour average and the concentration incremental increase of cancer ri
organisms was not derived. - . --. should not exceed 0.09 FS/l at any time. the lifetime are estimated at 10".:
Carbon Tetrachloride H" "-J" Heath. - ... .. .. and 10 7.The corresponding

. . For the maximum protecton of buman recommended criteria are 7.2 r
Fresh waterAquaticLife . -, health rm the potential cainogenic ng/l. and .072 ng/L respectively. If L
- The available date for cai'boi" effects dueto exposure of chlordane above estimates are made for
tetrach.oride indicate that acute toxicity through ingestion of contaminated water consumption of aquatic organsms ,
to freshwater aquatic life occurs at and contaminated aquatic orga.i~ms, excluding consumption of water.
concentrations as low as 35200 ps/l and the ambient water concentration thould levels are 7.4 ns/L .74 ng/l. a.1d C
would occur at lower concentrations be zero based on the non-threshold L respectively.
among species that are more sensitive' assumption for this chemical. Holdever, For the protection ohuman heal'.

- than those tested. No data are available zero level may not be attainable a t the from the toxic properties of 1-4.5-
concernin the chronic toxicity of- .. present time. Therefore, the levelt which tetrachloroberizene Ingested througt.
carbon tetrac.hlorlde tojensitive may water and contaminated aquatic

may result in incremental increase offreshwater aquatic life.. cancer risk over.the Wetime are . organisms, the ambient water cite:
Saltwater Aquatic Life ": " " " estimated at 10-. 10-. and IT0" . The is determined to be 38 Mg/L

The vaiable for carbon corresponding criteria are 4.6 ng/l. .46 For the protection of human heal-
te ach~ridi ate a t for ngcnL and .046 ngfL respectively. If the- from the toxic properies of 1.Z4.5-

tetrachloride indicatethat acute toxicityare made for tetrachlorobenzene ingested throu-
to saltwater aquatic life occurs at c - a contaminated aquatic orgarus"s ai:toncentrations as low as 50,o g/] and - consumption of aquatic organisms on the ambient water criterion i.cocenraton aslowas 0,00 is 1 ad:excluding consumption of water, the " determined to be 48 g/l.
would occur at lower concentrations -. levels are 4.8 ng/L .48 ng[L and 048 ng/ deter teto bel
among species that are more sensitive L respectively. Other concentrations For the protection of human heahi
that those tested. No data are avalable repectiel Oterconcenk aevns from the toxic properties of
concerning the chronic toxicity of . •representing diferent risk levels may be pentachloobe.zene Ingested thxoug
carbon tetrachloride to sensitive- - calculated by use of the Guidelines. The water and contamina :ed aquaticris est'" imatenge Is resnd or itet
saltwater-squatic life. '. , . - risk estimate range is presented for organisms, the ambient water c'ite-

H e lt " " --- "- " " . "'" nf tmatio n p urpose s an d doesto b e 4 g/ .
represent an Agency judgment or. an For the protection of hu.rnan heal-

For the maximum protection of human acceptable" risk level. . from the toxic properties of
healtS from the potential carcinogeic, Chlorinated Benzenes - pentachlorobenzene ingested tro',-
effects due to exposure of carbon Fs a "- contaminated aquatic organisms alc
tetrachloride through ingestion of Freshwater Aquaticf.,e the ambient water criterion is
contaminated water and contaminated The available data foF'chlorinated determined to be 85 Pl.
aqu.-ic organisms the ambient water benzenes indicate that acute toxicity to Using the present uirdEline, a
concentration should be zero based on freshwater aquatic life occurs at satisfactory criterion cannot be der
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at this time doe to the infs-Ifficency in . chemicaL However, zero level may not and 10- . The corresponding c-iteria are
the available data for trichlorobenzene. be attainable at the present time. i *. 'Jg/L..17 ug/L and .017 jgfL

For comparison purposes, two Therefore. the levels which may result In respectively. 1f the above estimates are
approadhes were used to derive " L"nremental Increase of cancer risk over made for consumption of aquatic
citerion levels for monochlorobecrns.e, the lifetime aLre estimated at 1c". 10". organisms only, excluding consumption
Based on available toxicity data. for the and 10". The corresponding criteria are of water, the levels are 107 p1/L 10.7
rote,.tion of public health. the derived 9.4 IgfL, .94 /g/L and .094 pg/L jig/L and 1.07 pg/L respectively. Other
evel is 4,M pg/L Using available. respectively. If the above estimates are - concentrations representing different
oranoleptic data. for controf,ng " made for consu~option of aquatic - risk levels may be calculated by use of
undi.sirable taste and odor quality of"" orgaxismi only, excluding consumption the Guidelines. The risk estimate range
amblent water, the estimated level is 2o of water, the levels are 7.430 JpgI. 243 is presented for information purposes
jug/L it should be recognized thit . g/L and 24.3 pg/L respectively. Other and does not represent an Agency
organoleptic data as a basis for - . concentraions representng different - Judgment on an -acceptable" risk level
establishing a water quality crite M'" risk levels may be calculated.by use of For the maximu.i protection of human
Ikave li tations and have no " ".- the Guldelnes. The risk estimate range .. health from the potential carcinogenic
demonstrated relationship to potential Is pte-ated for Information purposes effects due to exposu.re of hexa-
adverse human health effects- • and does not represent a Angency clioroethane thro gh ingestion of

judgment on an -acceptable" risk level contamlnate-i water and ccntaminated
-lor""ated-Etbanas For the protection of human health aquatic organisms. the ambient water

Freihwater Aquatic Life cc- efrom the toxic properties of 1,,- -. conntration should be zero based on
a ftrichloroithane ingested through water the non-threshold assumption far this

The available feshwate data for and cor'lnated aquatic organism, the chemical. However. zero level may not
chlorinated ethanes indicate that ambient wate.r crtzerion 13 determined to be attainable at the present tim-
toxicity increases greatly with - 'be 18. mgfL "l.Terefore, the levels which may resuh
Increasing chlorination, and that acute For the protection of human health incremental increase of cancer risk over
toxic:ty oc=zrs at concentrations as low -7 from the toxic properties of 1.,.1 - the lifetime are estimated at 10-. 10"
as 118.000 pg/ for L2-dichloroethane" chioroethane Ingested through and 10"'. The correspocd.i criteria are
i8.000 ptg/] for two trichloroethanes, ": :. contaminated aquatic organisms alone. 19 )LS1 1.9 pg/L and .19 pg/L
9.3 )A 1 for two tetrschloroethanes. " " . the ambient waTer criterion is respectively. ii the above esti.ates are
7.240 pg/I for pentachloroethane. and determined to be 1.03 g/L , made fcr consumpt.io of aquatic

Wg jg/I for hexachloroethane. Chronic For the maximum protection of human• organisms only, excluding consumpti

toxicity occurs at concentrations as low -'eath from the potential cai n .c of water, the levels are 57.4 pgfL 8.74

as 20.000 pg/l for 1.2-dichloroethane, effects due to exposure of 1.1.2- " ' "gL and .87 pg/IL respectively. Other
9.400 p.g/1 for LI.2-trichloroethine, 2400 trichloroethane thiugh Inaestion of cng
jug/rfor 1.1.2.2-tetrachloroethane. I=0 cotaminated water and contaminated conceavsion representing dbferent

pg/I for pentachloroethane. and 540 pg/l aquatic organisms, the ambient water' the Gedelines. The ask estimate 'e

for bexachloroethane. Acute and " " centration should be zero based an is presented for information purposes
chronic toxiciy would ccur at lower .3 e noun-thresbold assumption for this and does not represent an Agency
concentrations among species that are ,chemical However. zero level may not judmen on an "aeptable risk leveL
moresensitive than those tested.. .= . be attainable at the present time.. Using the Present gaideU-m-s. a

Sc J wotr Aquatc LDfe - Therelor , the levels Which may result in satisfactory criterion c.a..ot be de'vi e
.. ..aaiabesatwae da c. remental, increase of cancer risk over at thi time due to the lnsu'fcien--' L

The available asatwater data for -'" the lifetime are estimated at 10". 10-' a the available data fr
chlorinated ethanes Indicate that • .. and 10":The correspondin- criteria aveailableldta!o
toxicity increases; reatry yith • .t. JLApg/L and -6 L i monociroethanesa
Increasing. chlorination and thatatcute • - U tspecevely. e above estimates are

e .tsatisfactory c"iterion cano' be derive_
toxicity to fish and invertebrate species "- made 1or consuiption of aquatic
occurs at oncentration.s as low a.s organism only, excluding consumption - the available data for 1L-
113.000.g/l for 1.2-dichhl roethene, -" of water, the levels are 418pg/I, 41.8 dichioroet fe. -

31200 jig/! for 1.1.1-trtchloroeane. -c. .g/I. andu41 pg/l respectively. Other - Using the present guide!ines, a
9.020 pxg/I for l.2..2-tetracoroethane. concentratons representing different
390 pg/ for pentachloroethanre. and 940 risk levels may be calculated by use of atistome criteincannot b n

.pg/l for hexachloroetha~ne. Cmmic ,:J -.'-the Guideles. The risk estimate range the ataiable data for 1.1.1.2-
toxicity occurs at concent'tion: as o -W- .is presented for Information purposes tetacblorethane.
as 281 pg/) for pentachloroethane. Acute- and does not represent an Agency " Usig the present gudelines. a
and chronic toxicity would occui at Judgment on an "acceptable" risk level satisfactory criterion cannot be d ed
lower co'cent"u"ona among speces-' For the maximum protection of human

m at this time due to the insufficiency in
that are more sensitive than those " ealth from tae potential carcinogei.ic the available data for
tested. , . o- - "-'_ effects due to exposure of 1.1...2-tetra-.

,h". -- -~'"'" ': '3 chloroethan through Ingestion of pentachoroethane.
- " . ...alth ~ -- . -' contandn' ted water and contanna ted Clorinated Naphthalenes

For the maximum pro.ection of huma.n, aquatic organisms, the-ambient water
* health from the potentirl carcinogenic concentration should be zero based on. F hwaler qAquatc Life

effects due to eaposure o L2..di- " hi. . non-threshold assumption for this The available data for chlorinated
" chloroethane through Ingestion of - chemical. However. ,earo level may not naphthalenes Indicate that acute
contaminated water and contamineted be attainable at the present time. toxicity to freshwater squatic life ocC"-1--
aquatic organisms, the ambient water Thereafore, the levels which may reiult in at concentrations as low as 1.800 pg.'l
concentration should be zero based on incremental Increase of cancer risk over and would occur at lower
the non-thrzsbold assumption for this the lifetime are estimated at IT'. 10-. concetrations among species that are
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more sensitive than those'testei- No demonsl-ated relatioanship to potential level whic*. would protect agaiost the
data are available concerning tbe adverse human health effects. potential toxicity of this compo, -

chronic toxicity of chlorinated Sufficient data is not available for 4- Using available organoleptic d o:
naphthalenes to sensitive freshwater monochlorophenol to derive a level controlLing undesirable taste ar
aquatic life. i- . whch would protect against the qualhty of ambient water, the esu. -

" potential toxicity of this compound. level is I pg/L It should be recogr-nztSaltwaterAquotc Lefe Using available organoleptic data, for that organoleptic data as a basis for

*The available data for chlorinated controlling undesirable taste and odor establishing a water quality criteria
*apthalenes indicate that acute toxicity quality of ambient water, the estimated have Iir..itations and have no
to saltwater aquatic tIfe occurs at --- level is 0.i pg/L It should be recognized demonstrated relationship it potential
concentrations as low as 7.3 pg/1 and that organoleptic data as a basis for adverse human health effects.
would occur at lower concentraLions establishing a water quality criteria For comparison purposes. two'
among species that are more sensitive have limitations and have no - approaches were used to derive
tEan those tested. No data are available demonstrated reltion.ship to potential criterion levels for 2.4.5-tricloophenc*.
c concerning the chronic toxicatt of -- adverse hurr an .lth effects.. Based on available toxicity data, for ti
chlorinated napbthalenes to sensitive Sufficient data ,s not available for 2.3- protection of public health, the denvez
saltwater aquatic life. dichloropheno to derive a level which "8 mg/L Using availabie

......H. . " "would-protect against the potential organoleptic data, for controlling
Human Heal % - toxicity of this compound. Using undesirable taste and odor qua.li-, c!

Using the present guidellnes, a available organoleptic data. for ambient water, the estimated level is
satisfactory criterion cannot be derived contro.ling undesirable taste and odor jug/l. It should be recognized that
at this time due to the insufficien,'y in -quality of ambient water, the estimated organoleptic data as a basis for
the avaikble data for chlorinated level is .04 pg/L It should be recognized - establishing a water quality criteria
napthalenea. . that organoleptic data as a basis for h have limitations and have no

o establishing a water quality criteria demonstrated relationship to potenba'
Chlorinated Phenols . have limitations and have no adverse human health effects.

FreshwaterAquoatic.fe .,demonstrated relationship to potential For the meximum protection of hu,.:
. adverse human health effects. bealth from the potentiJ carcinogenic

The available freshwater data for -Sufficient data is not available for 2.5- effects due to exposure of 2.4.8-
chlorinated phenols indicate that -dichlorophenol to derive a level which - trichlorophenol through ingestion o!

- toxicity generally increases with " . would protect against the potential contaminated water and contamina -_
increasing chlorination, and that acute loxicity of this compound. UsLr - aquatic organisms. the ambient wate-
toxicity occurs at concentrations as low .available organoleptic data, for - concentration should be zero based o-
as 30 jigl for 4-chloro-3-methylphenol to . controllMn undesirable taste and odor the non-threshold assumption for thi.
Sgreater than 500.000 M$/l for other . quality of ambient water. the estimated . chemicaL However. zero level may no.
compounds. Chronic toxicity occurs at - level is .5 pg/L It should be recognized be attainable at the present time.
concentrations as low as 970 ig/l for that organoleptic data as a basis for Therefore, the levels which may resul"
.,4.8-trichlorophenol. Acute and chLronic - establishing a water quality criteria incremental increase of cancer risk ov.
toxicity would occur at lower h- ave limitations and Have no the lifetime are estimated at ic-" . x -C
concentrations among species that are demonstrated relationship to potential and 10" . The correspond.ing cne.-.na
more sensitive than those tested. . adverse huron health effects. 12 pg/l, 1.2 jg/I, and .1: Ag/l

"ofrwate.-Aqudl e ... . .: . SufficienW data is not available for 26- "respectively. U the above asscare'
. •. "dichlorophenol to derive a level which made for consumption of aquatic

* The available saltwater data for would protect aga nst the potential organisms only, excluding consu.=putc
cklorlnated phenol* indiciAte that . tcoxcity of this cot tpound. Using " " of watei, the levels are .36 g/l_ 3.8 j,
toxicity generally Increases with •. - . available organoleptic data, for. and _M Ag/L respectively. Other
Increasing chlorination and that acute - conroling undesirable taste and odor concentrations representing differen:
toxicity occurs at concentrations as low quality of ambient water, the estimated risk levels may be calculated by use c
as 440 )g/I for 2.3.5.6-tetrachlorophenol. level is .2 pg/L It should be recognized the Guidelines. The risk est.,'nate rang
and 29.700 Mgtl for 4-chlorophenol. . that omanoleptic data as a basis for . is presented for information purposes
Acute toxicity would occur at lower establishing a water quality criteria and does not represent an Agency
concentrations among species that are haye limitations and have no judgment on an "acceptable' rsk leve.
more sensitive than those tested. No . demortrated relationship to potential Using available organoleptic data. f:
data are available concerning the - .- . adverse human health effects. .. controlling undesirable taste and odor
chronic toxicity of blorinated phehols Sufficient data is not available for 3.4- quality of ambient water, the est- te-
to sensitive saltwater aquatic lie. dichlorophenol to derive a level which lev] is 2 ig/Il. It should be recon.nzez:

-Huan ealL...- .' -:.:.. would protect against the potential that organoleptic data as a basis for
S' - '"- toxicity.of this compound. Using establishing a water quality critenon.

Suficient data Is not available for 3- availablt organaleptic data, for.. have limitations and have no
monochlorophenol to derive a level - contronLig undesirable taste and odor demonstrated relationship to potn..
which would protect against the quality cf ambient water, the estimated adverse human health effects
potential toxicity of this compound. - levelis .3 SI[L It should be recognized Sufficient data is not available for
Using available organoleptic data, for that organoleptic data as a basis for methyl-4-chlorophenol to derive a lev
controiling undesirable taste and odor establishing a water quality criteria - which would protect against any
quality of ambient water. the es.,mated have limitations and have no potential toxicity of this compournd.
level is 0.1 jug/L It should be recognized demonstrated relationship to potential Using available orga.noleptic cats fc-
that oaranoleptic data as a basis for adverse hurnanr health effects. controlling undesirable taste and odc.
establishing a water quality criteria Sufcient data is not available for quality of ambient water, the es, imao:
bave haitations and have no 2.3,4.6tetrachloropher.ol to derive a level is 1800 ig/l. It should be
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recOpnIzed that orsgwoleptid data as a -If the above estimates are made for SaltwotarAquatic Life
basis for establlsbing a water quality cons.mption of aquatic organism only. T
criterion have limiiatione and have no excluding consumption of water. the l Tte data bass for altosater speces

demonstrated relationship to potential levels are 18.4 rig/l. 1-84 ri/1. and .184 bemade concerning acute or chronic

adverse human health effects. ng/L respectively. Other concentrations .c

Sufficlent data Is not ava.lable for 3- representing different risk levels may be t y
methyl-4-chlorophenol to derive a level calculated by use of the Guidelines. The Human Health "
which would protect against the risk estimate range Is prjesented for F o the maximum lrotection ot hum-.
potential toxicitY of this compound. .- nlormation purposes and does not health from the jotential carcinogenic
Using available organoleptlc data. for represent an Agency Judgment on an , - effects due to exposure of chloroform
contr'olling undesirable taste and odoe "acceptable" risk leveL .. "e - through tngestion of contahronated watquait thrug ingestion ofei the estimated
quality of ab/lent wate the estimated . For the maximum protection Of human and contaminated aquatic organiscis.
level is 300 &g[L It should be - . -health fGim the potential carcinogenic the amblent water concentration shom
rec gnized that organoleptic data as a . effects due to expoa--e of bis (2- " .... - .be zero based on the non-threshold
basis for establishing a water quality " chloroethyl).ether through ingestion of asrumpUon for this chemical However
criterion have linftations and have no contaminited water and contaminated zero level nay not be attainable at &h.
demonstrated relatiorship to potential aquatic pr.nisis. the ambient water -present time. Therefore. the levels w:.
adverse human health effects. o concentration should be zero based on may result in incremental Increase of

Suffidentdata Is not ava&ible for 3- the non-threshold assumption for this cancer risk over the lifetime are
methyl-8-chlorophenal to derive a l evvel4cemical. However. zero level may not estimated at 0"; 10-: and V0 Te
which would protect against the 4 elapotential toxicty of. ths compound. "be attainable at the present time. - corresponding criteria are 1.90 pg,1L .!.fUeng available orfanleptic data, for- Therefore. the levels which may result in p g/L and Z19 .g/l. respectively. If th-
co- rosing undesirable taste and odor Incementa) increase ofmancer risk over - above estimates are made forcontyol ambient water.: the estiated he lifetie are estimated at 10". 10-. • consumption of aquatic organlisms orjquality of It should be recog ie d - and i0". The corresponding criteria are excluding consumption of water. the
that organoleptc data as a basis far 7 .3 psg/L .0 pg/l. and DM pgfL- -"- levels are 157 pg/L 15.7 pg/L and 1.57

vstablishing a water quality criterion respectively. If the above estimates are pilL respectively. Other concentration.
have limitations and have no made for consumption of aquatic representing di$ferent risk levels a:,"

demonstrated relaiionship to potential "organisms only, excluding consumption calculated by uie of the Guidelines. T

adverse Iuman health effects. " -of water, the levels are 13.8 pg/I. 1.38- risk estimate range is presented for
' - "* " "pg/I. and-38 pg/L. respectively. Other information purposes and does not

- concentrations representing different - represent an Agency Judgment on an
Fri wer AquaicLife. . -Z: sk levels may be calculated by useof' acceptablerisk leeL -

"Me- available data for the Guidelines. The risk estimate range 2-Chlorophenof
ed r3oroallyl is presented far Information purposes

ethers indicate that acute toxidcty W ' ' " a not reptoent an Agency Freh waterAquatic Life
freshwater aquatic life occurs at -d " " •

concentrations a! low as 238.000 Judgment on an "acceptable" risk leveL The availabe data for 2-chlorophenc"
and would occnt o at lower For the protection of human health -inidicate that acute aoxidty to L-ehw-
concentratio s amon species that are om the taxic properties of his (2- aquatic life occurs at concentraio'.
more sensitive than those tested. No chloroisopropyl) ether ingested thr.ugh low as 4.30 ,g/l and would occu: a,
definrtive data are available coacerfing water and contaminated aquatic- lower concentrations among species
the ci tonic toxicity of chloroa fyl ethers organisms. the ambfent water crlerion that are more sensitive that those teste
to aem sflive freshwater aquatic W - *ie determined to be 34.7 pg/L . . -.No definitive data are available

Forthe 'protection of human health " concerning the chro ic toxicity of 2-" "- '-amfrom the toxc proper-ies of (2- -. - chlorophenol to sensitive Lreshwater,oitwaterAcuaic Lif# fro th-oi rpriso i 2
No saltwate" organisms have been ""loraisopropyl) ether Ingested through aquatic life but flavor impairment occ-,

tested with any chloalkyl ether and no contaminated aquatic organisms alone. in one species of fish at concentration!
statement can be made concerning acute - the amblent water criterion is -a. -. s low as 2,000 pg/L
and chrtme-omd-city. -- . .. determined to be 4.3 mg/L . -Sa-twa" Aquatic Life . ..

Human Health -_.*" -o -. - *.. ".-- " - " " - No saltwater organisms bave been

For the maximum protection of bunan .ph'iwater Aq ua"tic Lffe . -. tested with 2-chlorophenol and no
health from the potential carcinogwnlc - *. . . -. . . statement can be made concerning ecu
effects due to exposur of bis-' % The available c[ata fo cholorform and chronic toxicity.
(chloromethyl)-ether through ingestion *" ndicate that acute toxicity to freshwater " "
of contaiated water and - - "- - -aquatic life occurs it concentrations as H HeI"
contaminnated aquatic organisms, the low as 2&900 g/L and would occur at Sufficient data is not available for 2.
ambient water concentration should b4 lower concentrations among species c.iorophenol to derive a level which-zero based on the non-threshold , that are more sensitive than the three would protect against the potential
assumption for this chemical. However. tested species. Twenty-seven-daylCso toxicity of this compound. Using
zero level may nat be attainable at the values indicate that chronic toxicity available organoleptic data. for
present time. Therefore, the leels which occurs at concentrations as low as 1.240 controlling undesirable taste and odor
may result in incremental increase of jg/, and could occur at lower quality of ambient water, the estneratec
cancer risk aver the lifetime are concentrations among species or other level is 0.1 pg/l. It should be recog-:eZ
estimated at 10-', 1." and 10". The " " life stages that are more sensitive than " that organoleptic data as a basis for
corresponding criteris are .. 8 ng,. the eariiest life cyrce stge of the establishing a water quality criteria
.0038 ug/L and .0008 g/I, respectively. runibow trouL " have Lmitarions and have no
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damonstrated relationship to potential calculated value is comparable to the that are more sensitive than those
advarse human health ofacts. present standard. For this reason a tested.

selective criterion based on exposure
Chromium _ solely from consumption of 8.5 grams of

Fru~hwoterAquatic Life aquatic organisms was not derived. Te ambient water quality critenc,-."•for cyaffide is recommended to be
For total recoverable hexavalent Coppr " identical to the existing driking wate:

chromlwx the criterion to protect
freshwater aquatic life as derived using Freswater Aqutac .4e "tanhdd which s 200 g/ . Analysis c.
the Guidelines Is 0.29 jg!1 as a 24-hour For ota] recoverable copper the calculated level wich Is protective of
average and the concentration should criterion to protect freshwater aquatic human health against the ingestion of
not exceed 21 pg/I at any time .. .life as derived using the Guidelines is 5.h.uma wat an the inae

For freshwater aquatic life the - pg'l as a 24-hour average and the aquatic organisms. The calculated va
concentration (in jig/l) of total concentration (in pg/l) should not s comparable to the present standa,-
recoverable trivalent chromium should " exceed the numerical value given by For this reason a selective criterion
umot txceed the numerical value given by - e(0.94[,n(hardness)J-1.23) at any time. esed~on
"e(1.'8(ln(hard.ness))+3.48)" at any For example, at hardnesses of 50,100. boseapion exposure solely from

twnie. For example, at hardnesses of 50. - and 200 mg/] CaCO, the concentration onsumption of 8.5 grams of aquatic

100 and 200 mg/I as CaCO3 the of total recoverable copper should not Organisms was not derived.

concentration of total recoverable exceed 12. 22. and 43 Lg/l at any time. DDT and Metabolites
trivalen, chromium should not exceed ,oltwate'Aqooic Life FreshwatrAquatic Life
-2O 4.700, and 9,00.pagl. respectively. • Fu
at any t me. The available data indicate. For total recoverable copper the DDT
that chrnic toxicity to freshwater - criterion to protect saltwater aquatic life For DDT and its metabolites the
a quatic life occurs at concentrations as as derived using the Guidelines is 4.0 criterion to protect freshwater aquati-
low a 44 ug/l and would occur at lower ag/1 as a 24-hour average and the ife a derived using the Guidelines is
concentrations among species that are concentration should not exceed 23 p Og/I 0.010 pg/I as a 24-hour average and C'
more sensitive than those tested. at any time. concentration -should not exceed 1.1
Saltwater A, icfe . Human Health a.. tany time.

For total rec6ierable bexavalent Sufficient data is not available for - TDE -

chromitum the criterion to protect " coppef to-derive a level which would The available data for TDE indicat
saltwater aquatic life as derived using protect against the potential toxicity of that acute toxicity to freshwater aqua:
the Guidelines is p8 ug/I as a 24-hour ... his Compound. Using available - - - -le occurs at concentrations as low as
average and the concentration should organoleptic data. for controlling - 0.6 pg/I and would occur at lower
not exceed 1,260 14g/l at any time.. undesirable taste and odor quality of concentrations among species that are

For total recoverable trivalent. ambient water, the estimated level is I more sensitive than those tested. No
chromium, the availabe data indicate - m/L It should be recognized that data are available concerning the -
that acute toxicity to saltwater aquatic organoleptic data as a basis for chronic toxicity of TOE to sensitive
life occurs at concentrations as low as establishing a water quality criteria freshwater aquatic life.
.20.300 ,g/l. and would 6ccur at lower have limitations and have no
concentrations amoung species that are demonstrated relationship to potential DDE

more sensitive than those tested. No . adverse human health effects. " The available data for DDE indicate
4dta are available concerning the Cyanlde - . that acute toxicity to freshwater aquat:
chronic toxicity of trivalent chromium to . - " - . . . . life occurs at concentrations as low ase £resFnwhwatrAquatic Lif~e -.
sensitive saltwater aquatic Wit.. q. utic. - 1.50 pLgfl and would occur at lower
Hu n ." ." .. . or free cyanide (sum ofCO,'anlde concentrations among species Oat are

present as HCN and CN', expressed as more sensitive than those tested. No
For the protection of human health CN) the criteri6n to protect freshwater date are available concerning the

from the toxic properties of Chromium aquatic life as derived using the chronic toxicity of DDE to sensitive
I1 ingested through water and " Guidelines is 3.5 pg/I as a 24-hour ' freshwater aquatic life.
contaminated aquatic organisms, the average and the concentration should" Saltwater Aquotic Life
ambient water riterion is determined to not exceed 5.2 ps/ at any time. D-
be 170mg/L . . " . " .

. D T
For the protection of human health -" S i wvterAquatic Life -. . "For DDT and its metabolites the

from the toxic propertiis of Chromium "Te ivallable data for free cyanide criterion to protect saltwater aquatic li -t
I ingested through contaminated • (sum of cyanide present as HCN and . as derived using the Guidelines is 0.o :

aquatic organisms alone, the ambient " . CN-. expressed a- CN) indicate that . lg/l as a 24-hour average and the
. - water criterion is determined to be 3433 a acute toxicity to saltwater aquatic ife " concentration should not exceed 0.13

mgIL . . . . . - occurs at concentrations as low as 30 -pg/I at any time.'
The ainbient watr•..quality criterion* pg/l and would occur at lower . -

for total Chromium VI is recommended -concentrations among species that are TDE
to be identical to the existing drinking more sensitive than those tested. If the The available data for TDE indicate
water standard which is 50 pg/l. - acute-chronic ratio for saltwater that acute toxicity to saltwater aquatic
Analysis of the toxic effects data " organisms Is similar to that for life occurs at concentrations as low as
.esulted in a calculated level which is freshwater organisms. chronic toxicity. 3.5 pg/I and would occur at lower
protective of human health against the would occur at concentrations as low as concentrations among species that are
ingestion of contaminated water and 2.0 pg/l for the tested species and at more sensitive than those tested. No
contaminated aquatic organisms. The lower concentrations among species data are available concerring the
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chronic toxicity of TDE to.seusltive th.rough water and ctntarninated aquatic SaltwaterAquatic Life
saltwater aquatic 1.fe. organisms, the ambient water criterion The eval'able data for
DDE -Is derermined to be 400 pgIL dichlorethylenes Indicate that acut,

T ova~lSbe dat~afor DDE indicate Far the protection of human health toxicity to saltwater aquatic life occ-. aIream the toxic properties of. at concentrations as low as 214.CC::..
that actte toxicity to saltwater aquatic dichlorobenzenes (all Isomers) ingested and would occur at lower
life occurs at concentrations as low as throustcontaminated aquatic organisms concentrations among species that
.24 pgfl and would occur at lower alone, the ambient water criterion is - more sensitive than those tested. No
concentrations among species that are determined to be 2.8 mg/L. data are available concerning the
more sensitive than those tested. No
data are available concerning the " Dlc.lorobena.zidlneas chronic toxicity dichloroethylenes to.-"sensitive saltwater aquatic life.
chronic toxicity of DDE to sensitive Fresh w.tarAquatic Life ." sen se rq ile
saltwater aquatic life-. . The data baseavaale for lth
Human Henaf " " " ":-h ... .' " dlchlorobenzidines and freshwater For the maximum proteqrion of h:
For the maximum protection of human 6ganlsma. Is limited to one test on health from the potential carcinoge-

health from the potential carcinogenic " bioconcentratdon of 3.3'-. effects due to exposure of
effects due to exposure otDT thrugh dlch.loTobenxidine and no statement can .o-daminethylenr through In.es
ingestion of contamiaated water and be made concerning acute or crn.ic conta,.nated water and conam rn.
S ontaminated aquatic organism,s, the toxicity. " . aquatic organisms, the ambient was
ambient water - concentration should be zero basedSaltwater Aquatic Life the non-threshold assumption for t-._-zero based on the non-threshold - k chemicaL However. zero level may-
assumption for this cbemIcaLHowever. • No saltwater organisms have been be attainable at the present time.
zero level may not be attainable at the ' tested with any dich.lorobenzidine and berefore the levels which may re:
present time. Therefore, the levels which no statement can be made concerning incremental increase of cancer risk c
may result in Incremental increase of acute of chronic toxicity. i emeare ae at cance s-
cancer risk over the lifetime are " . the lifetime are estimated at 10-5. 1C
estmated at 10"'. 20-'. and 0' The - Human Health and 10" . The corresponding criteria
c corresponding criteria ar .24 rgfL,024 For the maximum protection of human .33 pg/I;'.033 pg/I. and .0033 pg/I
ng/L and .0024 ng/l. respectively.. If the health from the potential carcinogenic respectively. If the above estimates
above estimates are made for , effects due to exposure of made for consumption of aquatic
consumption of aquatic organisms only.. dichiorobenzidine through inston of. orgarisms oly, excluding cons .
excluding consumption of water, the . .contaminated water and contaminated of water,.the levels are 18.5 pg/I. 1..
levels are .24 ng]!, .024 ng/L and .=024 .aquatic organism.s, the amient water -p ?g/1L and .185 pg/l. respectively. 0-z

- ng/. respectively. Other concentrations-, concentration should be zero base on . concentrations representing differe_:
representing different risk levels may be-!a the non-threshold assumption for this risk levels may be calculated by use -
calculated by use of the Guidelines. The chemical However, zero level may not - t Guidelines. Toe risk estimate n -
risk estimate range is presented for - be attainable at the present lm, . presented for eeforation pupose:
information purposes and does not Therefarethe levels which may result in doent reptan Age
reprsent-an Agency Judgment or an " incremental nicrease of cancer risk over Judgment on an "acceptable" risk le-.acceptable" risk level . . thelife e ae es ated at 10-. ng the present deLnes a

crita e , " -- 1 satisfactory cIterion cannot be de-.Did3lorobeazenes - - and 10-. The corresponding criteria are•~ ~ ~ ~ ~ ~ A - ;L -- , :--. : . .0]pg/L .010 ,3 pg/l, and .00103 .g/l. at this time due to th 'insuflicency .

FreshwaterAquoticLie re3pgci. If tge and .3 ag e available data for 1.2-dichloroetlhyle.-., - respectively. If the above estimates are
The available data for .... - -.. made forconaumption of aquatic - Z4-Dichloropheno -

dlchlorobezens indicate that acute ...- orga ams only, excluding consumption Freshwer Aquatic Life
and chronic toxicity to freshwater . . of water,.the levels are .2 4 pg/ .0204 he a blatfo r Z4-
aquatic life occrs at concentrstions as - pg/l ad .002D4 pg/ respectively. . The available data for 2.4-
low as =120 and 783 pg/l. respect ively. Other concentrations representing .dichlorophenol indicate that acute a:
and would occur at lower - . . " . " different risk levels may be calculated chronic toxicity to freshwater aquatic"concentrations among species that are.'.,. by use of the Guidelines. The risk life occurs at concentrations as low a!:
more sensitive than those tested. estimate range is presented for 20X and 365 pg/L respectively, and

Sat-,olerAquo fe ". Information purposes and does not would occur at lower concentrations
represent an Agency judgment on an among species that are more sensioveThe available.d~ta' for " - .dchloroben.nes indicate that acute . acceptable" risk Jevel. " that those tested. Mortality to early bf,

tUchlorToen s saltw ate at eocu .h:stages of one species of fish occurs at
txicityJo saltwater aqua tic life occu Dichlroetbrylenes -. concentrations as low as 70 pg/L
at concentrations as low as 1.970 g/! . FreshwaterAquatic Life S e
and would occur at lower -- .- SalwrerAquatic Lfe
concentrations among species that are . The available data for " . -Only one test has been conducted
more sensitive than those tested. No " dichloroethylenes indicate that acute with saltwater organisms on .4-
data are available concerning the toxicity to freshwater aquatic life occurs dichlorophemol and no statement ca,-
chin c toxicity of dichlorobenzenes to at concentrations as low as 11.6W0 pg/l made concerning acute or chrorac
sensitive saltwater qquatic life. - and would oc=ur at lower toxicity.

.... . concentrations among species that are "
HuWm Iiai we, / " "" " " " more se.nsit.ive than those tested. No Human Health

For the protection of human health definitive data are available concerning For comparison pu.rposes. two
from the toxic properties of- the chronic toxicity of dichlorethylenes approaches were used to derive
dichlorobenzenes fall isomers) Ingested to sensitive freshwater aquatic life. criterion levels for 2.4-dichiorophenol.
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:3ased on available toxicity data. for the the ambient water criterion is aquatic organisms, the ambient war.
rotection of public health. the derived determined to be 14.1 mg/L concentration should be zero based

Fevel is 3.09 mg/L Using available the non-threshold assumption for t-
organoleptic data. for controlling chemical. However, zero level may
tudesirable taste and odor quality of Fres woterAquoi' Life be attainable at the present time.
ambient water, the estimated level is 0.3 TTlre available data for 2,4- Terefore. the levels which min re-
jigl. It should be recognized that dirnethylphenol Indicate that acute incremental ncrease of cancer risk c
oranoleptic data as a basis for toxicity to freshwater aquatic lfe occurs the lifetime are estimated at 1o". IQ
establishing a waterquality criteria at concentrations as low as 2.=.0 pgfI and 10 "2 The corresponding criteria
have limitations and have no and would occur at lower w 1.1 Lg/L. 0.11 ug/t and 0.011 ps/L
demonstrated relationship to potential concentrations among species that are respectively. If the above estimates
adverse human health effects. more sensitive than those tested. No made for consumption of aquatic
Dic-hloropropanes/Dichloropropenes " data are available concerning the , organisms only. excluding cons,-....

- • chronic toxicity of dimethytphenol to• o! water, the levels are 91 jug/L 9.1
FtrehwaterAquaficLife. - - sensiti-ve freshwater aquatic Life. and 0.91 xg/L respectively. Other

evib a oconcentrations representing diffe-e
The avl,,lable datae for a" :S w.terAquic Lfe risk levels may be calculated b u_-dic!laoropropanes ndicate that acute ""

and chronic toxicity to freshwater No saltwater organisms have been the Guidelines. The risk estmate r---.

aquatic Uie occurs at concentrations as tested with 2.4-dimethylphenol and no Is presented for imformation purPOs 2

low as Z3,000 and ,5.7"M ,~g/L - statement can be made once:rning acute and does not represent an Aency

respectively, and would occur at lower and chronic toxicity. - , Judgmnent on an "acceptable" rik

concentrations among species that are Human Health - 12-Dipbenylhydrazine
mnore sensitive than those tested.

The available data for t. Suffcitnt data are not available for FreshwaterAquotic Life
he idcate thatacute 2.4-dimethylphenol to derive a level

dichloroprtpenes i ndicate that acute .which would protect against the The available data for 1.2-
and chronic toxiity to freshwater . potential toxicity of this compound. diphenythydraz.ne ndicate that a='-.
aquatic life occurs at concentrations as Using available organoleptic data, for toxicity to freshwater aquatic l.We ocr
low as 6.060 and 244 jpg/L respectively, controllinrg undersirable taste and odor at concentrations as low as r0 ' "
and would occur at lower t quality of ambient water, the estinted would occur at lower concentratic"_
concentrations among species that are level is 400 pg/l It should be recognized among species that are more se-.s;:
more sensitive than those tested. . .,. that organoleptic data as a basis for than those tested. No data are ava_.

SaltwaterAquatic Life . establishing a water quality criteria concerning the chronic toxcty o:.
The.a.a.labl dat f : " ha ve limitations and have no diphenylbydrazine to sensi,.ive

The available data for -- demonstrated relationship to potential freshwater aquatic life.
dichloropropanes Indicate thal acute adverse human health effects. "SaltwaterAquatic Life
and chronic toxicity to saltwater aquatic .
ife occurs at concentrations as low as M4-Dinitrotolueoe No saltwater orarisms have bee:-
10,300 and 3.040 ig/L respectively, and Fresh water Aquatic Life - tested with 1.2-diphenylhy zzze
would occur at lower concentati ns no statement can be made cz:e-
among species that are more sensitive The available data for 2.4- and a

tdinitrotoluene indicate that acute and acute and chromc taxicab'.

The vailable data for -- • . chronic toaxicity to freshwater aquatic Human He th
" dicor propen-es indicate that acute ' lfe occurs at concentrations as low astoxic to saltwate aquic e cte 330 and 230 g/L respectively, and For the maximum protection of h:
at concentrations a law aa 790 ocgul would occur at lower concentrations health from the potential carcinoge=..
and would occur as lower a ..... among species that are more sensitive effects due to exposure of 12-
conenuldtocns atowsec . than those tested. .. diphenyihydrazine through ingestc:
concentrations among species that are contaminated water and contamina
more sensitive th those tested. No -Salt aterAquticLifi aquatic organisms, the ambient wE

data are available concerning the - The available data for 2,4- concentration should be zero bese-
chronic toxi'city of dichioropropenes to dinmtrotoluenes Indicate that acute - the non-threshold assumption for ti..
sensitive saltwater aquatic life. " toxicity to aaltwater aquatic life occurs chemical. However. zero level may

Human Health a-- . -. -. -- at concentrations as low as 590 kag/l and be attainable at the present time.
U t• - would occur at lower concentrations Therefore, the levels which may rest

Using the.'present'guideli es, i " among species that are more sensitive Incremental ncrease of cancer risk c
satisfactory criterion cannot be derived than those tested. No data are available the lifetime are estimated at 10". Ic
at this time due to the insufficiency in concerning the chronic toxicity of 2.4- -and 10-'. The correspond.L- crite-na
the available data for dichloropropanes. dinitrotoluenes to sensitive saltwater 4.22 n8/]. 42 ng/l, and 4 ng/l.

For the protection of humn health aquatic ife but a decrease In algal Cell respectively. If the above estimates
from the toxic properties of . numbers occurs at concentrations as made for consumption of aquatic
dichloroprvpenes ingested through. low as 3, g/l. . organisms only. excluding coZs=.:
water-and contaminated aquatic ,o.-1of water, the levels are 5.8jug/l 0.5
orfanisms. the ambient water criterion Human Health iaSI. and 0.058 jS/L respectively.
is determined to be 87 /sgL For the maximum protection of human Other concentrations representing

For the protection of human health health from the potential carcinogenic different risk levels may be calcuis-.
from the toxic properties of effects due to exposure of 24- by use of the Guidelines. The risk
dichoropropenes Ingested through dinir-otoluene through ingestion of estimate range is presented for
contamina:ed aquatic orpanisms alone,- contaminated water and contaminated Information purposes and does no-
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M-present an Asency judgment om an aquatic life occurs at concentrations as Hlefa
acceptable risk leveL low as 32.O0 sfl and would occuz &t Freshwater Aqua 'ic lif

cp e s" " lower con.centrations among species w ie A fo
Indosullan - that am more sensitive than those The available data for baloeter
Frrshwater Aquatic Life " . tested. No deflnitive data are available indicate that acute and chronic toxicty

For endosulfan thecriterion to protect concerning the chronlc toxicity of to freshwater aquaticl occur at
freshwater aquatic life as derived using .ethylberzeine to sensitive freshwater concentrations as low as 360 and 122

the GCudeline iM 8L. l i a 24-hour aquatic ILua.! -".gL respectIvely, and would occur t

average and the concenfttion shud Scdtwrter~qai~f - e concentratins ang thsee
not exceed Q= a t ,hould , .aleer oncetraion a am on""mee

The available data for ethylbenzene tested. -

gricate that acute toxicity to saltwater Soltwater Aquatic LIfb
For e.tnd',ul'an the 'i:terion to protect aquatic lire occurs at concentratiors as No saltwater organls ms have been" s

saltwater aquatic Ws as derived using low as 430 1g/l and would occur at t
the Guidelines La 0.008? p/g/l as a 24- - lower concentrations among species tested with any haloet.e , and no• " statement can be made conce. ngac,.;-
hour average and the concentration that are more sensitive thtn those
should not exceed 0.=.4 pAgfl at any tested. No data are available concerning or chironic toxicity.

time. .. ,.: - the chronlc toxicity of ethylbenzene t Human Reath a
.. sensive'saltater aquatic life... Using the present guldelnes, ai n HealthUsnL

Fo th rtcino ua elh HmnHat satisfactory criterion cannot be derivyFor thea protection of human health ::HUOO Het&Lh - ... . " : ~fcOat this time due Oto the an~tsu.,ficier,'ryinbede

from the toxlc properties of endojilfan For the protection of human health te available data for hIsueter,,-s.

ingested through water and from the toxic properties of .I .teaalbedt o aotes
contaminated aquatic organisms. the ethylbenzene I ested through water Halomethanes
ambient water criterion is determined to and contaminated aquatic organisms ,  Freshwater Aquatic Life
be 74 pg/l the ambient water criterion Is The available data for hefomethane,

For the protection of human health determined to be 1.4 m gL
from the toxic properties of endosulfan Fr the protection of h an n indicate that acute toeacity to freswa-
Intgested through contaminated aquatic ' irm the toxic propeuhest" , aquatic Wie occrs at concentrations
ornisms alone. the ambient water " lbeizene Ingested through low as Ili )OpS.1/ and would occ'- a'
crenio Is ale, theea bient n "ted atuaoc obeais. lone.. lower concentratons among species

cotmiae aquatic. oraim alone. -* ~ that arn more sensitive than thos%E drin - ---.1:- . -.... .,. .---- , . She ambient water criterion is tet No do re i a osc I
de-. -mndbL - tested..No dafa are aailable conce.L-.

A FmehwoterA t c Life ,.dte dt . L ... .. the chronic toxicity of halometlanes
-For endri e Fluo.a.t"eoe- , • "sensitive freshwater aquatic life. -" o nrn the criterion to protect " .Yutnhe- -. . :.. ..-

freshwater aquatic"tfe as derived usiL "reswoeJAquaticLife Sall wafer Aquatic Life
the GuideLines Is 0.0=23 jugIl as a 24- e
hour average and the concentration - The available data for fluoranthene i cThe available data oraocetha.,,
should rot exceed 0.1(Ig/I at any e- indicate that acute toxicity to f&eshwater indicate that acute and chronic tC.':-a t aquatic Life occurs at concentrations as to saltwater aquatic life occur at
SoakwateiAquctic Life -' low as 3980 jg/l and would occur at concentratons as low as l'.OJ a=

For endrin the cirterionto protect - ower concentrations among species &400 pg/L respectively. and would

saltwater aquatic life as derivea using . that are wore sensitive than those occur at lower con( entrations arnct-
tested. No data are available concerning species that ar mcre sensitive tha=

the Guideliaies is 0.o003 ,g/fl as a t - of -llale o those tested. A decrease in algal ceU
hour average and the ,oncentrtIon" '- --- the dxrorc tox~ty oi fluotnthene t . numbers occurs at concentrations as
should not exceed 0.07 pg/l at any sensitive freshwater aquatic LLie - as 11.500 log/w
tbfefi"*' '-. L- ,- S ; ,oitwoter Aquotic e""-". .

time... . l :- ......... .. Humnan Heaut
Human Healt .f *. '" The available data for fluoranthene Forthe naimurprotectonofh.

The ambeo w r qua~ycrern " indicate that acute and chrliruc toxicity health from the potential carinog -
for endrin is recommended to be " ' -'- to saltwater aquatic life occur at - - effects due to'exposure of
identical to the exs timg dinkilng wateru- cmucntrations as law as 40 and 18 l g/L chloromethane. bromomethane.
sta idard which is I")gfL Analysis of the respectively, and would occur at lower dichloromethane.
tood effects data resulted in a * ' c: oncentrations among species that Are" bromodichloromethane.
calculated level which is protectiveU -7"." more sensittye than those tested. tribromomethane.
human bealth against the ingestion of "- . dichlorodifluoromethane,
contaminated water and contarninated--a . . - ' " tricorolluoromethe.ne. or co=bL-,.:
aquatic organisms. The calculated value Far the potectio of human health of these chemicals through injes .ic
is comparable to the present standard, from the toxic properties of fluoranthene contaminated water ad contamir.
For this rason a selctve -iteio" ingested through water and aquatic organisms. the a.&bien A'.-

b ed on expose solely from " ' contaminated aquatic organisms. the concentratfion should be zero bas:
1 c Consumption of 8.5 vsma of asIjIsatC " ambient water criterion is detarmined to the non-threshold assumptin fcr

€ orSansms w55 eat derived . ". be 4.2 &gt chemical. However. zero level mz
-ylbenzaa. For the protection of human health be attainable at the present tme.

C from the toxic properties of fluoranthene Therefore..the levels whircb may

It ingested through contaminated aquatic incremental imcrease of cancer n
The available data for ethylbe.zene" organisms alone, the ambient water the lifetimes are estimated at 10-

hwater criterion is determined to be 54,g/1. and ':.0 . The correspondini cr:te-



"Fvdzl Register Vo. 45. "o. Z31 I Fiday. November 28. 1960 / Notices

2.9 gfIl. o.1 pg/L and 0.g pjsL SahtwtezrAquotic L* concerning the &romc toxdciry v! a
respectively. If the above estimates are The avbail e data for mixture of isomers of BHC to sn c-s
made for consumpticm of aquatic • bexacloibutadien-e indicate that acute freshwater aquatic life-
orga.nisns only. excluding consumpt.ion toxicity to saltwater aquatic life occurs Saftwo'A quatic Life
of water, the levels are 157 ps/L 15.7 at concentrations as low as 32 pg?1 and T alable ate ft? a e C.
pig/L and 1.57 Ag/L respectively. Other would occur at lower concentrations
concentrations repning different aaomers ofBHC indiclate that ac.te
risk levels may be calculated by use of th t those tested.No daa are availabe toxicity to saltwater ;uatic lie o
the Guidelines- The risk estimate range ccei the c on c toaxiit ofla at cocentrations as low as 0.34 g/Il
is presented for information purposes h ex. orobutadiene to sensitive ' and wvuld o at lower
and does not .:epresent aen y .. saltwater aquatic life - ,. - CvnCI,-- amor.3 species ,,: =
Judgment on an "acceptable" risk leveL more sen.itbve than .bosa tested. -c

Human He 'h " - data are rrallable concernai the
... " ,"'orfthemax rotectinof human hronic toxicity o mixture of

Freh "ebealthrm the potential carcinogenic of BHC to sensitve saltwatir asquat

For heptachlor the criterion to protect effects due to exposure bf life. "

freshwater aquatic life as derived using .beexachlorobutadiene through Ingestion HJM an Health
the Guidelines is 0.0038 pgll as a 24-. of contaminated water and
bout average and the concentration contamnated aquatic orgmnisms, the For thi maximum pritectior o! i

.Should not exceed 0.52 pg/ at any time. -alfblent water conc.entration should be health from the potenhal carc,-, .n .
*r . • zero based on the non-threshold effects due to exposurv of alphs-HZ

S.:rwaterAquatic Life . . assumption for this chemical. Howeve-. thr"'ugh ingestion of cont~a...- --_ "

. For heptachlor the criterion to protect zero level may not be attainable at the and contaminated aquatic orga zs-

saltwater aquatic life as derived using present time. Therfore the levels which the ambient water concent-ation sln-

the Guidelines 1 0.0038 psg/I as a 24- -.. ay esult in incremental increase of be zero based on the non-threshol-'

tiour average and tie Concentration cancer risk, over the lifetimes.are • assumption for this chem cal. Howe-:

should not exceed t. jog/nl at any . estimated at 10" 10" and 10-. The - zero level may not be attainable at --psh/ld nog/xcedIf.0the / st ay In
time. .- .. .. ,-- -corresponding criteria are 4.47 pIg/L 0.45 present time. Therefare. tht levels

... ., -.- •".- g/L ad 0.045 pg/]L respectively. If the Imay result in incrememW. lir'ease z:
uman-. . .- above estimates are made for cancer risk. over the.lifetimes are

For the maximum protectidn ol human consumption of aquatic organisms only, estimated at 10'I0- and 10-L Tz

health from the pote".tial cinagedc .'excluding cinsumption o! watec, the corresponding criteria are 92 ngfi S.
efects due to elposure otheptachior levels are 50s p/l So p.gJL and 5 A/.I n9g and M ngfL respectively. If t-thsrouh ingeston of contannted water respectivak. Other concentrations above estimates are made for

a contaminate a'uatic oranism s."- Tepresenting different risk levels may be consumption of aquatic organi3ss c:
the ambient water concentration should calculated by use of-the Guidelines. The excluding cons-umption of water. th e
he zobaen ate onentreshould .risk estimate range is presented frr levels are 310 ngi/L 31.0 ng/L and .be zero based on the nion-thresbold " "."/lrp ve'.Ote ne= :

assumption for this chec~a. However. , information purposes and does not ngfl respecbvely. Other cnent-a.
assumtio n foery ntis ea ale Howeer. represent-an Agency judgment on an representing different risk level! .
zero level may not be attainable at the . azeL'e ris level ca~lculated by use of the Gu~deine.-

.present time. "Therefore, the levels which risk eveiate rane Is p- G,.d
may m.suh in cremental increase of ._Hexachlorocycohexane . information purpos pres nted oe :

-- canceryrisk. overthelifetlimiure am. , .-- I~iain upssadde o
V e e r . - " .- , -represent an Agency judgment on am.."stimated st 1r-4 SO, and'10- .lhe" . •.--.-=-..:. .- ,- ,. "acceptable- risk level

corresponding crite-ia'are 2.785g7L8 -' FrehwaterAquatic Life .7" oeabl ,is' leve -

-ng/L and =Sm~g/l. respectively.1f the - .For the maximum protection or hu.above esia tes a-remae forve . *: For tlndane the criterion to protect health from the potential caronose-v - frestrwater aquatic life as drived vstng effects due to exposure of beta-HCI:
consumption .f aquatic organisms ly. the Guidelines is 0080 pZl es i 24-hour through tigestion of contaminated u,
excluding consumption of water. the average and the concentration should and contaminated aquatic organism:
levels are 2.85 ng/L .29 ng/L and .029 , not exceed 2.0 pg/l at any lime... the ambient watei concentration shc

*/L respecdively. Other.: . ...-. , -- zero based-on-then..
concentrations representing dffferent Salwotr.AquoticLife be zero based on the non-threshold
risk levels may be calculated by use of For saltwater aquatic life the assumption for this chemical. Howev

the Guidelines. The risk estimaterane Cnbentration of lndane should n zero level may not be attainable at th
is pxresagied for i aticu purposes . .. exceed 0.16 pg/i at any time. No data - present time. Therefore, the levels -.

and does not represent an Agency ' -. are available concerning the chronic " cancer risk, overthellfetimesae
Judg~ment on an an."cceptable'" risk leveL. k:dcity of lindane to sensitive saltwater estis.ed at o0 10- and i0'. Te-

H-. chlorobutdien- . quatic -fe.- - . . corresponding criteria ar 163 ng!l.
Freshwater~q 'oiclie*. . BHC ngfL and 1A3 ng/L respective!y. IU

-heava.FreshW Aquiclf . . above estimates re made for
"e avaiable data r".. consumption of aquatic organisres a-

hexachlorobutadiene indicate tLat acute The ,valable date for a mixture of excluding consiupf, aof wa ter, the
and chroticc l:t to freshwater isomers of BHC indicate that acute levels are 547 AS/I. i_7 nAg/L and 5 4"
aquatic rife occur at concentrations as toxicity to freshwater aquatic life occurs ng/l. respectively. Other concenrat.:
low as 90 and 9.3 pg/i respectively, and at Conentrations as low as 100 jg/l and representing different ris3l levels me%
would occur at lower concentrations would occur at lower concentratbons calculated by use of the Cuidelines
among species thft are more sensitive among species that are more sensitive risk estimate range is presented for
than those tested. . . .. than those tested. No data are available information purposes and does no,
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represent an Agwncy Judgment on an aquatic life occurs at concentrations as ingested through contaminated aqu;.
• accaptable" risk leveL , low as 7.0 and 5.2 p/l,, respectively. and organdsma alone, the ambient watr

For the maximum protection of human would occur at lower concentrations criterion is determined to be 520 mP-
health from the potential carcnogenic among species that are more sensitive
effects due to exposure of tech-HCH than those tested.
through IAsdon of contaminated water " t r FreshwaterAquaticLjfe
-and contaminated aquatic organisms. Sakwaterqutic Life .t eb a

:t ambient water concensationahould -The available data to -For total recoverable lead the
be zero based on the non-threshold hexachlorocyclopentadiete Indicate that iterion In pg/I) to protec fshwaet
assumption for this chemical. However. acute toxicity to saltwater aquatic life aquatic lIfe as derived en g -the
zero level may not be attainable at the q (ccui at concentratlons as low as 7.0 Guddelines Is .he numerical value lve"
present time. Therefore. the levels which pAl1 and would occur at lower . by e(Z.35[Ln(b.ardness]])-.41) as a 24-
may result in Ircremental increase of concentrations amon species that are -h/r avers e and the conceIraon -
cancer risk, over the lifetimes are - more sensitive than tose tested. No ,g/l) should not exceed the nuie.ca.esatri at 10 .i0% ndi0g.The data are available concerning the . . - value given by e(1.22Rn(h dness)j-C.correspondi tri angr at any time. For example, at ha_2...3e

ng/l. and I.23 naSL respectively. If the hexachlorocycopentadene to sensitiveCaCOaboe - - criteria are 0.75. 3.A. and ZOg/Labove estimates are made for ' - --. saltwater aquatic Ifes. " - . ... "respectively, as 24-hour everages am,
consm-ption of-aqu tic organisms only, Huh an Health - the concentrations should not excee-"
exc..uding consumption of water, the For -rmparisonpu. oses, wo IM and 400 ug/l respectively. at a=
levels are 414 nfL, 41.4 ngL and 4.14 apFro as use to 170, airel t
nIL. respectively. Other concentrations" pproaches were used to derive time..-repesntn~i~retriklvesmyb aitrohnlevelsfor" -" "' " altwater Aqatic Li'e"
representing different risk levels may be hexachlorocyclopentadiene. Based on q

* calculated by use of the Guldelines. The- available toxicity data, for the ... The available data for total
risk estimate range Is presented for - rotectio, of pubc hl, . he derived recoverable le;ad indicate that acute
information purposes and does no " .vel is 206 jpg/L Using available " . chronic toxicity to saltwater aquatic L.

*represent an Agency judgment o na.epben rs e-, organoleptic data. for controlling . occur-at concentrations as low as 8" a~eptable" risk level. .

For the maximum protection ofhuan undesirable taste and odor quality of and 25 pg/L respectively, and would
hatForm themax proteti roen i ambient water, the estimated level Is 1.0 occur at lower concentrations ain=-

eats drom to epoeof aarc pg/I. It should be recognized that species that are more sensitive than.
eec oue o exposure of gamma- e organoleptic data as a basis for " - those tested... through ngestion ofcontamifateo water"-....- . .. .

. .and~ontainatdaq a establishi g a water quality criterior Human lth-and contminated aquatic' " "have limitations and have no -.the ambient water concentrations dem.s-atd.. la.o... to ptn. The ambient water quality citeric-
should be zero based on the nn- l.-.adver hu.en elalthefptectsn. i for lead Ls recommended to be identi:
thoresold assumption for this chemical. . - - . : ,- " -:.-- to the existing drinking water standa-
However. zero level may not be -. ,- Isophorone ' " " - which is SO pg/l. Analysis of the toxic
attainable-at the present time. Fresh water A quatic Life - --. "effects data resulted in a calculated
Sherefore, .e levels whc, may result In ... .- -.. .. - level which is protective to hu.nn
incremental increase of cancer risk over The ivailable data for iophorone health against the ingestion of
the lifetime are estimated at I0-9.10-% . indicate that acute toxicity to freshwater' contaminated water and contamlna:.
and 10- . The corresponding criteria are . aquatic life ocurs at concentrat:ions as aquatic organisms. The calculated va.
188 ng/L 18.8 ag/I. and 1.88 ng/L . -- low as17000pg/ and would occur at aacomparable to the present standa.

.'respectively. If the above estimates am .- IOwer concentrations among species .. For this rason a selective criteriona

made for consumption of sq-uatic hat ' mor sensitive than those . ased on exposure solely from
orgnlsms only. exr.luding consumption tested. No data are available concerning consumption of 8.5 grams of aqua t:
of water, the level are 625 Mg/L e2. - the chronic toxicity of isophorone to or.rjsms was not derived.
nA. 6.5 ng/L respectively. Othe.. sensitive freshwater aquatic lie.. .

-tonnentions representing d ifferent Sald;ter'ouah'c Life " .e

risk levels may be calculated by use of l e availablec ata foris opon 1 ' FreshwateiAquaUcc Life.
the Guidelines. The risk estimate range- Inie aaue isophorone
is presented for Information purpose indicate that acute toxicity to saltwater' For total recoverable mercury.the
and does not represent an Agency -at concentratios asl criterion to protect freshwater aquetc
judgment on an "acceptable- risk leveL low as 1.900 pg/ a nd would occur at life as derived using the Guidelines is

Using the present guidelines a lower concentra tions among species 0.00057 poll as a 24-hour average .=d
satisfactory criterion cannot be derived ..that ar mom sensiive than those the concentration should not exceejsatisacmeueto te In in tested. No data are available concerning 0.0017 pg/l at any time.
at this ti-e due to the ffeency in l-.-onic toxicity of sophorone to
the available datafor delta-H 'Lse n. •i slwtweraAquttic Life • -

Using the present guidelines, a " sensitive saltwater aquatic to v lt
satisfactory criterion cannot be derived " Human Healt h." For tot i recoverable tmaercuy qLuat t•stm u ot~eisfiinyi criterion to protect settwate." aqu'at.-
at ai tlime due to the insu.ffclcency in For-the protection of human health as derived using the Cuidelines is C.-
Sthe avsilhble data for epsilon-HQ-L .;. - - fromthe toxdc properties of isophorone pg/l as a 24-hour average and the
ftaxaclodrocydopenLadlene -n . gested through water and " concentration should not exceed 3.7;,
Freshwater.Aquatic . ... contaminated aquatic orgaisms, the at any time.

ambient water criterion is detelrined to
The available data fr" - be 5.2 malL t.. . Human Health

hexachlorocy'clopentadiee indicate that For the protection of human health For the protection of human heath
acute and chronic toxicity to freshwater rm the toxic oronerties of isophorone from the toxic properties of merc'--,.v
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Ingested through water and .- Huma~On Health -. Salt water Aquatic Life
contaminated aquatic organisms. the Tor the protection 'of htuman health The available data for cltropheno~s
ambient water citerion is determined to from the toxic properties of nickel indicate that acute toxicity to saatwate:
be 144 aILl. Ingested through water and aquatic life occurs at concen-raticzs

For the protection otbhuan health contaminated aquatic organismis, the low as 4.8.50 g/i and would occui a'
.from the toxdc properties of mercury -. ambient water cmiternonis determined to lower concentrations among specici
ingested through contaminated aquatic - be 13.4 pg/jL - . that are more sensitive than those
organisms alone. the ambient water -For the protectin of him~aa health tested. No data are available conce:-niz-
criterion is deterind to be 148 rtg/L. from~ th-mi properties of nickel the chronic toxicity of nitrophecols to

Note.-Tese values include ithe Ingested through contaminated. aquatic sensitive saltwater aquatic life.
coraumption of freshwarter. estuArine. and' - organisms alone, the ambient water Human Health
mnarne species. -- *. -=.itro sdtrietoe10 /L For the protection of human beall'z
No phthalene - .Ntoe en . --..- from the toxic prcperties of Z.4-i~:-

-~~~Z FresiwotrwqvterA~f .o.- M cresol ingested through water and
7te available data to nalt~er h vial aahral ambitnt wateri detrg~l. m..'Dflphtbalefre dat frn~eshwaterlidicate that acute aridchronic taxirniy I1ndicate that acute tacy o es atr ben ae4 p cgL ernisdtrm

to fresh-water aquatic life occu at aquatic life occurs at tancentfrtions as ber 1t.4 prtcto o ufL e!
concetratins a low s 2.00 an 82o ow-a 27.00 &gl and would ocimur at TTtepoeto fhma e..conentatonsaslowas2.30 ad ~o ~wks 7=from the. toxic properties of.----

ps/!L respectively, and Would-ccur at lower concentrations among ispecies cresol ingested throusb contaminate:lowerconcntraionsamon speies that are more sensitive than those autcognssaae hlower conentration among ~tested. No defi~nitive data arelavailable aqacorasmaon.tem'-
tha a mresensitietaths %cncrnn b te s w ch ctxiiyo water criterion is determined tob 7-

Sawter Aquaic L~fe- Aqiti~lif:- *. Fur the protection of human hea.F2!'
The available data Co -abhaaf ~ Sr~beAuaiL. from the toxic properties of

idtbe atl auta foriit natae .. STali,44lai data dinit-opbenol ingested through wa Ierc~aeta ct oiiyto sarltwrbenzen ad contaminated aquatic axsez-s
aquatic ife occu.. at concentrations as -' ndct that acute toxicity to saltwater the ambient water citeion is

low as 2-330 j.&gll and would occur at -aquatic life occurs at concentrations as determined to be 70 pg/L -
-lower concentratios amang specip Io as,680 pe and would occur at For the protection of hmnan heza!z-

lwrconcenirations among species from the toxic properties oftesed.Nodat ae &&Ob~ecocer8 hatar mae enstie tanthose ditropenolinsested throngthe chronic toxicity of naphthalene to - tested. No data are- vvailable canc~nn cOIntalniflatr- aqn~ati or~anisms aI--
senstivesaltaterquatclil.. .the chroic tm-xcity of nitr-obenzerie to the ambient water criterion is

Hu~man Health ;:'-; '--.- .senlrtii saltwater aquatic life. deterained to be 14-3 mg/I.
* .: . Using the presezi guidelines a

Using the present gu'delines, a. HwruaaJeath satisfactory c-iteiin cannot be 6E7-
satisfactory criterion cannot be derivea -Fo comparisoanpur~oses two -iat this time due to the insufficien.,
at this time due to the insufficiency in -apoce eeue to derive- the avalable data for monOrTrc.-C

the vailble atafor~aphtal-cr terion levels for nitrobenzeie. Based Using the present guidelines. a
Kike z: *: on available toxiclty data. far the . satisfactory criterion cantrot be de--

* FrshwarA~atic~fe~-i7protection of public health,. the derived at this time due to the is~cr
Tar.. t it 19. g/t, Using available. ..7 theavilabl atafor trintophen,,total~~~~ T;ovral nickth ..~ organoleptic data. for controlling ofIto~xue

criterion (in )&Sfl) to protect fresh-water- .i'undesirable taste adodor quality o
aquatic life as dervdsngthe *.ambient water, the estimated leirel is 30 Freh water Aquatic L-fr

*Guidelines is the numerical valve given .pS/L It should be recognized that T"he available data forniiosarnr--e
-by e(0.76 (In (hardness)) +1.06) as a 2.- *.organoleptic data as a basis forIniaett m oxcytofs',

hour average adtecneirio : establishing a water quality critoaria aqudicte htccurte ocnttios
it&/I) should nt exeeed th uneial . have llimitations and have zo ' - lati life0 occs atdwol c octratos

- .value given by e(0.76[ln (bardziesn) .~'demonstrated relationship to potenial loe as 5.83 pgIand wmolsd oc
4.O2) -at any time. For example: st ade.~ huma -.......- ec. that are more seasitkve than &hose

-the hareu e ri5. 0an 2 mg8, 95. r. adiro s 2150 tested. No data are avaflable con e.
*CaCOteciei r 8 D.cd10- S *-. * the chronic taxicity o!ntrosanmines:

.§ .g/i respectively. as)24-hor sm, era 4s i~ reihwater Aquatic Dye -

-- -6 , t . sensitive freshwater aquatic ULe.
and the concetntrations should ntot,-*-. '. The available data for nitroplhenols Satae-qoi -'
exceed 1.100,1.I0=.and 3.100 pgI . ndicato that acute toxi=4t to fi-eshwater
respectively, at any Eflle..........qai~ ocusa ocnrations as 7bTe available data Lor .irosa-r -

- . * .- low as =3 pgR/I and would occur at indicate that acute toxicity to s~
* afwoerqvti~ie .-. ~.lower concentrations among spce aquatic life occurs at concenL- to

* For-tatal recov'erable nl~.eJ the i: thit are ibre sensitive than those . low as 3300.000gtl atd would c:
witerion to protect saltwater'squatic Wie tested. No data are available conc.erning lower conca.ations arnong specie!
as derived using the Guidelines is 7.1 the chronic toxiciry of nitrophenols to that ore more sensiuve than, tios!
pIll as a 24*-hour average ajid the . .sensitive freshwater aquatic life but A ested. No data are available conce -

concentration should not exceed 240 )&g/ .toxicity to-one species of algae occurs at the chromir. toxicity of nitrosamine!
I at anytime. - .. ... concentrations as low as 153 pg!1. sensitive saltwater aquatic life.

- -32
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Rc= ' Health - : ' 64 ng/i 6.4 ng/l and L64 ng/L " Pentachloropbenol
For the maximum protection of human respectively. If the above estimater a. F.-SatAqaGic Life

bealth from the potential carcinoenic made for consumption of aquatic

effects due to exposure of 6- organisms only, excluding consumption The available data for
ndtroaodilmethylalne through Ingestion" of water, the levels are 5.8 ng/l. 5 pentachlorophenol indicate that acutr

of contaminated water and. AS/A and 58.7 ng/. respectively. Other' and chronic toxicity to freshwate,

contaminated aqjuatic organisms, the - concentratuons representing different aquatic life occur at concentrations as

ambient water concentration should be risk levels may be calculated by use of low as 55 and 3.2 jusL respectively, and
ero based an the non-threshold " the Guidelines. "The risk estirnat ra~e would occur at lower concentrations-s hee for lnfo m eat i among species that are more sensitiveassumption for.thls chemical. However, Is presented for information purposes than those tested.

zero level may not be attainmble at the ind does not represent an Agency -
present time. Therefore, the levels which judszent on an "acceptable" risk level Saltwcter Aquatic Life
may result in I=mental Increase Of -" . For the ma.ximum protection of human The available data for
cancer r6k over the lifetimes are bealth from the potential carcinogenic pentaclorophenol Indicate that acute
estimated at a", 10- and 10.The " effects due to exposure In n- • and chronlc'toxicty to saltwateT aqu t -
correspondin-criteria ae 14 ng/L. 1.4 "itrosodlphenylamlne through ingestion life occur at concentrations as low as
* g/I. and 14 ngI. itspective.ly. If Lhe. -. of contaminatedwater and and 34 ;IL, respectively, and would
above estimates are made for " . 3quatic or-anlsns, the occur at lower concentrations amor_4
consumntion of aquatic.organisms only, ambient water concentraon should be peces that are more se-itJve thn ,

excluding consumption of water, the

levels are 1i0.000 ng/L l&000 ng/L and -zero based on the non-threshold those tested. -

IWoo ng respective!y. Other -, assumption for this chemical However. Hum'alt -
concentrations representing different -zero level may not be attainiable at the
rnak levels may be calculated by use of present time. Therefore, the levels which For comparisdn purposes. two
the Guidelines. The risk estimate range --may result in incremental increase of approaches were used to deriveis presented for Information purposes cancer risk. over the lifetimesare -criterion levels for pentachtorophe hoLBasea on available toxicity data, for te
and does not represent an AgencY - estimated at 10-. 10" and 10. The protection of pablic health. the derived
Jucxment on an "acceptable- risk level. corresponding criteria are 4900 ng/l level is I.I mg/1. Using available"For the maximum protection of human 4.900 ng/l and 490 ag/I. respectively. I organoleptic data, for con/rUlleng
health from the potential carcinogenic the abovi estimates are made for " undestrab taste and odor quality ofe~ec d~u toexpoureo[ n" - ". " asumption of aquatic organisms only," delavtseadooruli T o
effects due to exposure of U-- CO ambient water, the estimated level is ac
nitrosodiethylminne through ingestion ot' excluding consumption of water, the jsg/L It should be recognized that
contaminated water and conta inated.. _1 levels are lei.0=0 ng/i 16.100 ng/l. and organoleptic data as a basis for
aquatic organisms. the ambignt water 1.-10 ng/I. respectively. Other establishing a water quality criterionconcentration should-be zero based'on concentra dons representing different have lmitations and have no
the non-threshold assumption far this risk levels may be calculated by use of. demonstrated relationship to potential
chemical. HoWever, zero level may not the Cldelines. The risk estimate range adverse human health effects.
be attainable at the present time-.. ' Is presented for information purposes Pe
Therefore. the levels which may result In and does not represent an Agency - Phenol
incremental increase of cancer risk, over Judgment on an "acceptable" risk level- F..esh water A; uctic Life

. the iWfetimes are estimated at 1-'10-- - ' For the maximum protection of human The available data frr phenol Lndica! a
and 10"'. The corresponding criteria are. . health from the potential carcinogenic that acute-and chronic oxicity to
a agL/. 0.a ng7l. and 0.8 n4gjL .,.- -.... effects due to exposure in n- freshwater aqaatic life ccur at
respectively. If the above estimates are-.. -uaitrosopyrlidine through Ingestion of . concentrations as low as 10.200 and
made for consumption of aqudi ..-. - 'contaminated water and contaminated 2.50 1A/L respectively, and would
o" anism only. excluding consumption aquatic organisms. the ambient Water occur at lower concentrations among
of water. the levels are 22.400ngJL 1.240 :concentration should be zero based on species that arc more sensitive than
na/L and 124 ng/L. respectively. Other "the non-threhold assumption for this those tested.
concentrations representing different. - hemical. However zero level may rot L
risk levels may be calculated by, use of b' tanabe at te p n .terAqutic Lfe
the Gudelnes. The ris estmate range .ttainable the ee c _me. The available data for phenol indicate
i s presented for Informa.tion purposes .- Teeoe h eeswihmyrsl
an.....o od does not represent an Agency . :..reintl i =aease of cancer risk over that acute toxicity to saltwater aquatic

-)udgment on an "acceptable- risk lee: the lifetimes are estimated at 10-* 0"' -life occurs at concentrations as low as
. ...e..nan. -k lL and "''. The corresponding criteria are 5.800 ug/1 and would occur at lower
For the maximurn protection of human I

health from the potentialg/I and 1.80 g/. . . concentrations among species that are
bealh fom he ptenialcarcn~grucmore sensitive than those tested. Noeffects due to exposure n ni-nitr sod--" "'resPectively. If the above estimates are, data are Vaile ble concerni g the

butylamine through ingestion of .... - made for consumption of aquatic - - chronic twiit9e of phenol to sensitive
contaminated water and contaminated .O.organisms only. excluding consumption saltwater aquatic ife.
aquatic orsanisms. the ambient water of water, the levels are g.00o ng/l.
concentratoh should be zero based on - 91.90 ag/l. and 9,1.90 ag/L respectively. Human Health
the non-threshold assumption for this- - Other concentrations representing . - For comparison purposes, two
chemical. However, zero level may not' different risk levels may be calculated approaches were used to derive

'be attainable at the present.time? by use of the Guidelines.The risk criterion levels for phenol. Based on
Therefore. the levels which may result in, estimate range Is presented for available toxicity data, for the
incremental increase of cancer risk. over Information purposes and does not " protection of public health, the derive,
the Wfe 'nes are estimated at 10- 10-. prese.t an Agency Judgment on an level is 3.5 mg/L. Us:=g available
and 10"'. The corresponding criteria are . "acceptable" risk level. -organoleptic data. for controllingJ-3
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undesirable taste and odor quallity of Contaminated &q~UAtiC ogaidsu alone, represent an Agency Judgment on a=
ambient water, the estimnated level Is . the armbient water citerion is & ccepta bl e" risk It vel.
mg/i. h should be reconized that determined to be 154 m,&jL -P16-ocl Aromatic Hydrocaroor
organolepbic data as a basis for For the protection at humzan health (PA4}s)
establishing a wai'er quality criterion from the toxic properties of di--
have liccitations and have no ethylhexyl-phthalate ingested through Fresh wafer Aquatic Life
demonstrated ralabormShip to potentia.1 water and coatamimated aquatic The lftnited freshwater data base
adverse human health effects. organisms, the ambiemt watex criterion available for polynuclet r Kroma.Xc

Phtbaala rstts. is determined to be 15 mS/L. hydrocarbons. mostly from short-tLr.
for the protection of btman health bioconcenration studies with twrc

FreshwaterAutic LiFe - '.from the toxic properties of di-2- comnpounds. does not permita slatern
The available data for p hnmaate K ethylhexyl-phthbalate ingested through - concerning acute or ck'r'oic lodcit.

esters indicate 'thatacute an.chronic contaminated aquatic organisms alone.-Slwtrqai J
toxicity to freshwater aquatic life occur the ambient water crterion isclwtr~utcLf
at concentrationi as low as M4 and 3 determined to be so mg/i. The available data far po)rltk7

g IL respectively, and would occur at ar- omatic hydrocarbons indicate tl a:
ower coceations amorng sezies Polychilornated Biphanyls acute toxicity to sal~water aquatc L.'

that are mnore sensitive thran those -Pm'esbwaterAqvo5c Life o ccurs at concentrations as low as
teste.L URA '. Fo oyhoiae lbn~ aid would occur at lower

For olyhlorn~td hpbemAs b~e conCentratons aznong species that a-
Saltwater Aquotic Life .- critenon to protect freshwater aquatic more sensitive Ihan thc se teied. N:

The available data for phthalate life as derived usiag the Guidelines is data are available concerning th~e
esters Indicate that acute toxicilyt O 0.14 ;LgfI as a 24-bout average..Tke. chrcaic toxicity vi polvrnuclear L'o=-c

saltwater aquatic life oc=rs at . .available data indicate that acute hydrocarboms to sernsi-Lvt a'w~
concentatioas lo as 294 jg/1 and toxicity to freshwater aquatic life - Squatic life. .
would ocur atliowercnmta w liprbably wif only occtxr at-Ha= alt
among species *hat are-more saesiibve cownre ens above ZD. uszfl arid that
than those tested. No data are avi-alable the 24-hour avege should provide For the 7naxmnm pm-tection of b~-:.
concerning i1re cbronic toccl of - adequate protection agahnst acute -health from the potential carttnogeni -

phthalate esters to sezsirtive saltwater. . neto f o~mae
aquatic ble butlatiy to me species of S~~ae lai. ~ msi~io otm~tdwater an.:
algae occms -a cacnraim as lo s;.- . - the- contaminated aquatic organisMS. t:-

3.-gL c o~iorz'e ihnl h ambient water concentration shoul'
* 34 pfL :.. .criterion lopradect altwaerequwfic Wie zero based on the non-threshold

Nuna - *..d.. as derived using thze Guidelines is 0.030 assumption fart1hus chremical. Howrlo
*Far the protection of human heath . Z1 as a 24-bur average. The available zero lev-el may not be attain-able at

..from the tcxic~roperties af dird*thl data indicafr that acute toidiy to present time. Therefore, the levels w
pbt~halate ingested throcgli water and saltwateLr aquagclife pro'bably will only may meult 1r, inc'emnental increase c
contaminated aquatic organisins. the occur at coumifrations above ID J~g/I cancer risk ovrr the lietime are

- ambient water criterion is determ to ind that the 24-kaur average isbcmld - estimated at 10-. la-. and io- .T72
be 313 =S/1. *. -provide adequate protection against corresponding criteria a.e 2 n'.:

For the protection of human heatbh acute twodY~-.-. ..- ng!L. and . ng/l. respectivel.I -

fothtoiprprisof dimethyl Hma above estimates are made for
phthaate ingested through-cnupo fautcognssc
contaminated aquatic organisms alone, For the miam= protection of human excluding consumption of water. the
the ambient we ter criterion s. - beah froin 1hrersbal carcinogenic -ee ar 311 ngL 531.1 n&A. arx2 3.1-1
determined to be 2.9 gfL-* -- ' -effects due to epo-s ue -of PMB~ through rig/i. respectively. Other caner- 2!-

Far the protection of, unanhealth- ingestioni of cont Wiated water and -representing dfifrent risk lerels =_ *
-from the toxicoprisodehl rotmntd;Wtcrauss h calculated by use a! he G'"de!;_nes.
phthalate Ingested through water and ambient water concentration should be rs sraernei rsne o

- contaminated aquatic orgerisms, the .zero based on the non-threshold - infortration putposes and does nc:
ambieMs water citerion is deermined to'" assumption for this chemical. However, represent an Agency judgment on- a=
be 350 mfl. ---:'. ~*zero level mnay not be attainable at the "acceptable- risk level.

FarIwh pro*cdon of human bealth '-present time. Therefore. the Ieveds which Seenu
**- from Abe tosci properties of di ethyl,- m-zay result In incr netal imcmase of -FehoeAu~cLf

phthalate ingested throutgh . cancer risk over the lifetimew FrsawtrAqaicLf
contaminated aquatic organisms £slone, estimated at 0.201. and In'. The For total recoverable iringanic
the ambitat water citerionlis -- -corriespondingaiteria are .79-ngfI. 0.79 selenite the milein= to proteci

* determianed &o4e LSSA/ -. ** ng/l. and =079 AS/I.respectively. If the LresbwuztLer aquatic life as derrre-* us.
For the pr'ection of hum a health above estimates are made for the Guidelines is 55 pig/l a~s a 24-how_

*from the toxic properties of dibulyl- consumption of aquatic organismionly, average and the cozcectratino ni
phthalate ingested through water and excluding constimptioin of water, -the not exceed 260 u~ll at any wae.
cofttaminat*e d aqua tic oRga.M1SML 4.he - levels are .9 zgfL. .079 nglL and .0079 The available oata for iorar-ic
ambient water criterion is determined to ng/1. resp ctively. Other concentations seknate indicate that acute tomc.;. t-

* be 34 mg/I. representing different risk levels may be hsbwater aquatic life occurs at
For the protection of h-ma health calculated by use of the Guidelines. The conceztraans as low as 760 1AF,/l an:

from the toxic properties of dityi- risk estimate xaL'SgC is presmeted for would cc=: at lower cancentra'.0ru
phthalate ingsted thro -.. information purposes and does not among species that axe more ser-rr
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than those tested. No data are available consnptio n of .5 grams of aquatic aquatic iWfe occurs at concentrations ai
concernins the chronic toxicity of - orgar.has was not derived, low as 2.130 pg/l and would occur at

- Inorganic selenate to sensitive T- T ho r ye -. lower concentrations among speces
Lreshwater aquatic ifIL. - - -. - .. that are more sensitive than those

SterAquotic 'f .. jested. No data are available coce."
recoverable Inorganic . " The available data'for -the chronic todcity of thallium to

For total rte ac tetrachloroethylene Indicate that acute sensitive saltwater aquatic life.
-selenite the-crlterion to protect saltwateranchoitxctyofrswerHmnelhaquatic Life as derived using thu . . an chronic toxicity to freshwater Human/-Health '"-aq ai lif asd r v d s n h eu aquatic Wie occur t concentatio ns- as"

Guidelines ie 54 pg/I as a 24-hour qaw lf occr at con"enrsat ey For the protection of human healthpv r g and th = centrntion should "-L s nd 8 0 .g L re p i ey
""averagea th shol. " 'and would occur at lower -- .--. from-the toxic properties of thaliu.n

.noexcebd 410 pg/l o a rnyite. o ncentrations among species that are Ingested through water and
N "~o &ata are availablon n em. ose ... . " " teted . contaminated aquatic organisms. the

toxicity of inorganic . more sensitive than Lhos ested " ambient water criterion 1s deterraLned
: altwater aquatic ." Me' LSale b 3 ,s/L "
J-fuman eaJLh • - ~ .i' ---: .- The available data for For the protection of human health

. av..biect wter quality -~on tetrachloroethylene ndicate that acute from the toxic properties of thalum=
ambint aterquaitycriterin'Igse hog otmntdau ;for seleniu, Is recommended to be and chronic toxicity to saltwater aquatic ingested through contaminated aqua Li

Identical existig drinomen water life occur at concentrations low as or-anss alone. the ambient water

standard which 10/.gL Anlss of 10.200 and 450 pg/L respectively, and criterion Ls determined to be 48 jug/L

the toxic efrects data resulted in a would occur at lowerconcentrations Toluene - "" "
calculated level which is protective or - among species that are more sensitivecalclate levl whch i proectie-0than those tested. Frs "c te "- quicLf
human health against the ingestion of

The available data for toluenie
contaminated water and contaminated :HW Han th ... aTe haacue taoici toeew
aqua ndicate that acute toxicity to eshwa
is comparable to the present standard. For the maximum protection of human aquatic life occurs at concentrations as
F his reaseo ahe resetve sitinard. .health from the potential carcinogenic low'as 17,500 pg/ and would occur atFor t red on sley effects due to exposure of lower concentrations among spe-4as-

consumption of U5 grames of aquatfc tetrachloroethylene through ingestion of that are more sensitive than those
- cognsmpstionot d..gra.i:j contaminated water and contaminated - tested. No data are available concer';-organisms was not derived..,-,-...-- . . . . .

... ................ ........auatic organisms. the ambient water the chronic toxicity of toluene to
-.- Silver - -: -'' **-"-..,. concentration should be zero based on sensitive freshwater aquatic Life.

*FsiotzrAquotic Life *. <' the 7.-tr l asupto for Saltwater lquatic Life --r.hemlcaL However. zero level .may not
For freshwater aquatic life t . - be attainable at the present time. The available data for toluene

concntrdon(inpg/i oftotl -Therefore the levels which may result In indicate that acute and chronic toxicit.'
-ecoverable siver should not ex*dth.." Incremental increase of cancer risk over to saltwater aquatic life occur at

numerical value given by "e[1.72(in the lifetime are estimated at 10". 10". concentrations as low as 6.300 and 5.c:
"hard.ess-8.52)] at any time. For T:h..-and 10" .The corresponding criteria are pg/l, respectively, and would occ.r ,'(hardess andrnsssoS 10p/l epetvey ndwul c0-
example, at hardnesses of 50. 100.2W - pg/l. .8 ;g/L and ;08 pg/l, respectively, lower concentrations among species
mg/I as CaCOr the concentration of 11 the above estimates are made for that are mare sensitive than those
total recoverable silver should not ' - consumption of aquatic organisms only. tested.
exceed 1.2. 4.1. and 13 /g/IL respectivelY, excluding consumption of water., the Het
at any time. The available data indicate .. -Is .ar 88.5g/. a . d -s/i. and lHn eah "
that chronic toxicity to freshwater "-- pgJL respectively Other concentrations For the protection of bu.nan healthaquatic life may occur at concentra s "• '- "-' e t" "sk v be theof

aquac We m r. . . .... representing diffrent risk levels may be frm the toxic properties of toluene
as low.as (12 " - c-.. "*.". calculated by use of the Guidelines. The Ingested through water and

" SakwarAqua'c.Life ,'- . -'- zi .--dsk estimate range Is presented for--. contamina'ted aquatic organisms. the

-_- _o salt .-ter "- .a.ic e Information purposes and does 'ot - - ambient water criterion is determined !:

;.concentration of total recoverable silver "represent an Agenc Judgment on an --- be 14.3 mg/Lshoul not.e.ce..2.... . .at ay --- 'acceptable" risk leveL .- ... . "- For the protection of human healthshould not exceed Z.3 ;&Vj at any time.. .7'. .

No data are available concerning the ' Thalfum .. :- -. . from the toxic properties of toluene
chro-toxiityofs t . .s.ie ". - . ingested through contaminated aquatic""chonic toxicityof silve~rto sensitive' .. .wT:" ,:-. '.-- * - ;. -
- " ' ". • ' . . r , , , t er , -q u , L i.e o r g a n i s m s a l o n e , t h e a m b i e n t w a t e r

s a l t w a t e a a - e - - . -; . . - . . . . .. . . , . . . . , . h v~ a b d aS f o r t h a ll i u m a . . . c r i t e r i o n i s d e t e r m i n e d t o b e 4 26 4 m g / 11 .
Hu an 7eZ 3 ,-,.. *il l d-t

."-Hu.n m Heah ' indicate that acute id chronic toxfioty Toxaphena -

- The ambient water quality criterionh. -to freshwater aquatic life'occur at " = . Fe .: e
for silver Is recommended to be concentrations as low as 1.400 and 40 FreshwaterAqu c Life
identical to the existing drinklc g water "gl. respectively, and would o:cur at For toxaphene the criterion to protec,
standard which is 50 pg/L Analysis of lower concentrations among species freshwater aquatic Life as derived us;.;
the toxic effects data resulted in a - . that are more sensitive than those the Guidelines is 0.013 ug/1 as a 24-hou-
calculated level which is protective of ' tested. Toxicity to one species of fish. average and the concentration should
human health against the ingestion of occurs at concentrations as low as 20 not exceed 1. pg/Il at any time.
contaminated water and contaminated-: pg/i after 2.600 hours of exposure. " SaltwaterAquatic Lfe
aquatic organisms. The calculated value Saltwater Aquatic lfe
is comparable to the present standard... Sa.n. taeAquatic Life For saltwater aquatic life the
For this reason a selective criterion . The available data for thallium concentration of toxaphene should not
based on exposure solely from -. -.. indicate that acute toxicity to saltwater exceed 0.070 pg/I at any time No data
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ame available conaerning the c ronic the Pon-threshold assumption for this exceed the numerical value given by
toxicity of toxaphene to sersitive chemical. However. zero level may not eo -L. 0 .,4A,-,) # tow at sany time. F:
saltwater aquatic life. be attainable at the present time. example, at ba.rdnesses of 50. IM a
Human Healh . Therefore, the levels which may resut in 200 mg/I as C.aCO, the concentrao.

inacemental increase of cancer risk over total recoverable zinc should not e)-
For the maximum protectio Df humen the lifetime are estimated at 10-. 10". 180. 320, and 370 I.S1l at any t.-ne.

health from the potential carc. .,ogenJc and 20"r. The correspondin, criteria are ,,ftwterAquot " life
effects due to exposure of toxaphene - 7 pg7fL 2.7 j .g/L and .27 plLg/...
through ingestion of contaminated water respectively. If the above estimates are For total recoverable zMc the crit.
and contaminated aquatic organlms, made for consumption of aquatic to protect saltwater aquatic life as
the ambient water concentration should organ~sms only. excluding consumption derived using the Guidelines Ls S8 A

be zero based on the non-th-eshbld of water, the levels are 807 ug/L 80.7 as a 2A-hour average and the
assumption for thlis chemical. However, • gfL and 80L7/ g/L respectively. Othe-: concentration should not exceed 17:
zero level may not be atadnable at the concentiotions representing different I at any time-

"present time. Therefore, the levels which risk levels may be calculited by use of Human Heath
may result in incrementl in ease of - the Guidelines. The risk estimate range
cancer risk over the lifetime are is presented for information purpos,.s. Sufficient data s "not available fc:
estimated at 10-6 tO-. and I0-'. The and does not repre-sent ai Age.ncy zinc to derive a level which wo,_,-
corresponding criteria are 7.1 ng/L .71 Judgment on an "acceptable" risk level, protect aainst the pote-itial toxic::

g/L and 7 i /L respectvy. If the "Vinyl Cloride this compound. Using available
above estimates are made for organoleptic data, for controbz-g
consumption of aquatic organisms only, - Freshwater Aqucaic Life unadesirable taste and odor qua.Lr;
excluding consumption of water, the .No freshwater organis-ms have been ambient water. the estimated levei
levels are 7.3 ng/L .73 ng!L and .07 rng/l. tested with vinyl chloride and no mg/l. It should be recognized tsat
respectively. Other concentrations statement can be made concerning acute organoleptic data as a basis for
representing different risk levels may be or chronic toxicity. . . .. establishing a water quality criten :
.calculated by use of the Guidelines. The .. have lim.tatioms and have not
risk estimate range is presented for - , ltwaLerAquctic Life demontrated relationship to pote.,-
information purposes and does not 'No saltwater organisms have been adverse human health effects.
represent en Agency judgment on an tested %ith vinyl chloride and no - Appendix B-Guidelines for De-4
"acceptable- risk leveL . statement can be made concerning acute Water Quality Criteria for the Pro"

T..oroethylen . or chronic taxicty. - of Aquatic .fe and Its Uses
rt l Human Health'"-"--. .-F •reshwalerAqua iclafe :, - -ucon

The avaflable data for" ,-- heath mathe protection of human This version of th' Guidelines
trichloioethylene Indicate that acute .- potenial -*ogenic provides clarifications, additional
'.xicity to freshwater aquatic life occurs effects due to exposure of vinyl chloride detaUls, and technical and editorial
at concentrations u low as 45XW pg/l through ingestion of contaminated water chazges in the last version publi.sh
and would occur at lower and contaminated aquatic organisms. the Federal Register [4-4 FR it, C-

* S concentrations among speiei that are -the ambient water concentration should 15. 1977I]. This version Lncorpon 1
more sen.siti-ve than those tested. No be zero based on the non-theshold - changes result'g from con.'
data are available concening the' . assumption for this chemicaE. However. previous versto is and from ex :.
chronic toxicity of trichloroethylene to zero level may not be attainable at the gained durtng U.S. EPA's use ct t._
sensitive freshwater aquatic life but --present time. Therefore, the levels which previous versions. Futu: ! ve.,-sics

may.result in Incremental incrsae of Guidelines wif Incorpor 3te new ic_-adverse behavioral effects occurs to one. canrcer risk over the lifetime amrudlnseXinopraeDwi

species at concentrations as low as --- T ; and data as thei.r usefuh.'ess it
.... JO at 20-- . n . " demonstrated.

. .: - ." corresponding criteria are 20 ;RJL 2- Criteria may be expresed in se-
S•twaerAquodc Life ,. .. Ig/ and ,2 jsg/L respectively. If the foru. The num.rl form is com.-.

The available data for :. above stimates are made for o used, but descriptive end proce-d..:.-
trichloroethylene indicate that acute- e consumption of aquatic organisms only. forms can be used if numerical c.-:,i
toxicity to saltwater aquatic life'occurs aXCrudU4 consumption of water, the .. m'e not possible or desirable. The
at coancentrations as low as 2.000 agfl " levels are S248 g/L 525 p&L and s1_5 purpose of these Guideline! is to
and would occu at lower . . . jg/l respective y. Other concenlations describe an objective. internally
concentrations among species that are" representing different risk levels may be consistent and apprcpriate way of
more sensitive than those tested. No caloulIted by use of the Guidelines. The deriving numerical water quelz."y C-.
dati are available concernirg the- - r oisk estimate range is presented for for the protection of the use of. e! •
chronic toxicity of triciloroethylerie to information purposes and does not as the presence of. aquatic cr-gaus:-

-s sensitive saltwater aquatic life. - represent an Acency Judgment on an A numerical zriterion mi.gt be_

* Human "" . -. . acceptable riskLeveL Healt- thought of as a.i estmate of the h.,
- -- " Zinc , concentration c f a subs!.nce Ln wa

For the maximum protection of hian "i which does not present a sig-.5,zhealth from the potential carcinogenic FreshwaterAqo L to the aquatic organisms in the w-

eflects due to exposure of - • For total recoverable inc the criterion and their uses. Thus the G, ---liner
trichloroethylene through ingestion of to protect freshwater aquatic life as intended to derive criteria whacw
contaminated water and contamInated derived using the Guidelines is 47 pg/l protect aquatic comrnuities by
aquatic organisms, the ambienl water " as a 24-bou.r average and the protecting most of the species and
concentration should be zero based on concentration (in pg/I) should not uses most of the time. but not
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@ " SUM.MARY

SNARLS

Assumptions:

1. Looking at sensitive population.

2. Using a chill weighing 10 kg. who drinks one liter of water
per day.

3. Considering only toxic effects.

Comoound Length of ExDosure

1 day 7 davs 10 dava 1 month life-time

trichloroethylene 2 mg/l 200 ug/l 75 ug/l

tetrachloroethylene 2.3 mg/l 180 ug/l 40 ug/l

1,1,1-trichloroethane I 1 mg/l

benzene 350 ug/l

polynuclear aromatic 25 ug/l
hydrocarbons

Cancer Risks

Assumptionsi

1. There is some risk at any level of exposure, and the risk increases
as lifetime exposure increases.

2. Using 70kg. adult living 70 years who drinks two liters of water
per day.

Comooun d Excess Risk

in One in 10- 5  Two in 10- 5  Six in I0 - 6

trichloroethylene 4. -g/1 45 ug/l 75 ug/l

tetrachloroethylene 3.5 ug/l 35 ug/l 20 ug/l

S. J-37



Draft SNARLS (not)to be released)

Asstptions:

1. Looking'at sensitive population.

2. Using a child weighing 10 kg. who drinks one liter of water
per day.

3. Considering only toxic effects.

Comoound Lenath of Exnosure

I day 7 days 0days 'month life-time

methylene chloride 13 mg/1 1.3-1.5 mg/l 150 ug/

carbon tetrachloride 200 ug/l. 20 ug/l

toluene ./. . "1g/

methyl ethyl ketone 1 mg/l

acrylonitrile 35 ug/l 3 ug/l

polychlorinated biphenyls I ug/l 0.3 ug/l

dibromochloropropane 
0,05 ug/.

1,4-dioxano 20 ug/l

xylenes 12 mg/i 1.4 mq/ 620 ug/l

chlordane 63 ugh 63 ug/ a ug/i

1,1 Dichloroethylene 1.0 mg/i 70 ug/

Trans-1,2 Dichloroethylene 2.7 mg/l 0.27 mg/i

Cis-1,2 Dichloroethylene 4.0 mg/l 0#40 mg/i

Ethylene Glycol 19 mg/i . " 5.5 mg/I
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SNARL For Trichloroethylene

Health Effects Branch, Criteria and Standards Division

Office of Drinking Water
U.S. Environmental Protection Agency

Washington, D.C. 20460

The Office of Drinking Water has reviewed the current literature

on the health effects of trichloroethylene. Both data from

animal tests and some studies from high level exposure in

humans were used as basis for extrapolating to levels in

drinking water that would result in negligible risks to the

general human population. When considering toxicity that

does not include the risk of cancer, we generally use a

child weighing 10 kg (22 pounds) and drinking one liter of

water per day as the basis for calculations of short exposure

(acute) toxicity and longer exposure (chronic) toxicity.

These levels are derived using safety factors from classical

toxicology and a logic similar to that used by the National

Academy of Sciences in "Drinking Water and Health." When

considering the possible cancer risk,. where it is assumed

that there is some risk at any level of exposure, and that

the risk increases as the lifetime exposure increases, we

use the 70 kg (154 pounds) adult living 70 years who drinks

two liters of water as the base, and calculate the excess

cancer risk above the normal background according to a

mathematical model developed by the National Academy of

Sciences in "Drinking Water and Health,'" and based on animal

tests conducted by the National Cancer Institute.

The drinking water levels that we have calculated providing

a margin of safety from likely toxic effects in humans

(assuming that 100' of the exposure is from drinking water)

were related to th( length of time that water is being

consumed, and range from short-term emergency levels to

long-term chronic exposure. We have separately computed the

potential additional cancer risk.
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The computed drinking water guidance levels for effects .- ,
excluding cancer risks are as follows:

Time Concentration

I day 2 mg/l
10 days 0.2 mg/I (200 ug/l)
Chronic (long-term) 75 ug/l

The computed excess lifetime cancer risks from the NAS model
at various exposures assuming the 70 kg adult drinking two

liters of water per day for 70 years at the indicated concen-
tratiou are as follows:

Concentration Excess Risk

4.5 ug/, one in 1,000,000

45 ug/l one in 100,000
75 ug/ approximately two in 100,000

The development of a SNARL for trichloroethylene does not

condone its presence in drinking water, but rather provides

useful information to guide control priorities in cases

where it is found as a co:tiaminant. Human exposure to

contaminants in drinking water such as trichloroethylene
should be reduced to the extent feasible, to avoid the

unnecessary risks from their presence as adulterants. The
applicable treatment technologies include aeration and

granular activated carbon.


